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Abstract 
 The ability of land-use type to influence headwater stream total mercury 
(THg), dissolved organic carbon (DOC), major ion, and trace element concentrations 
was explored in seven sub-catchments of the Little Lehigh watershed.  Statistical 
variance was determined for DOC quantity, whereas THg demonstrated minimal 
variance.  Agricultural land-use type corresponded to increased [DOC], [Ca], and 
[Mg].  The divergent response of THg and DOC during storm events is an artifact of 
sample preservation.  The THg v DOC correlation is significantly positive 
considering normal storm event data at one site (r2 = 0.62, p < 0.001) and bi-weekly 
data across the seven sites (r2 = 0.37, p < 0.001).  Individual sites with the most 
forest cover have significant THg v DOC correlations, meaning the ability of DOC to 
transport THg to streams is increased in forested watersheds compared to 
agricultural ones, despite overall lower DOC concentrations and fluxes in the 
forested watersheds.
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Introduction 
Background 
The interaction of mercury (Hg) and dissolved organic carbon (DOC) has 
implications for human health and the carbon cycle, making them potentially 
important components in the larger picture of climate change.  DOC temporarily 
traps carbon that otherwise may be released to the atmosphere as carbon dioxide, 
and Hg is a globally transported neurotoxin. 
The heavy metal, Hg, enters ecosystems via both natural and anthropogenic 
sources.  Volcanoes constitute a natural source, whereas chlor-alkali plants (Landis 
et al., 2004), combustion of fossil fuels (Gabriel et al., 2005), fungicides, cinnabar 
mining, incineration of medical and municipal waste (Baird and Cann, 2005), and 
the use of dental amalgam are anthropogenic sources (Clarkson, 1997).  Most Hg 
pollution stems from anthropogenic sources (Fitzgerald et al., 1998).  The fate and 
transport of Hg that is emitted into the atmosphere largely depends on its 
speciation.  Elemental gaseous or vapor mercury (Hg(0)) is highly volatile and may 
remain in the atmosphere for up to a year before being oxidized and deposited, 
resulting in widespread mercury pollution, even in remote regions (Morel et al., 
1998; St. Louis et al., 2005; Fitzgerald, 1998).  The oxidized state of Hg, mercuric ion 
or Hg(II) or Hg2+ is readily adsorbed onto water droplets or aerosols and is deposited 
close to its source (Fitzgerald et al., 1998).  For example, Hg(II) gaseous and 
particulate species adsorb onto soot emitted into the atmosphere from the 
combustion of fossil fuels (Pleuel and Munthe, 1995; Han et al., 2004).  Along coasts 
sea-salt spray and aerosols adsorb reactive gaseous mercury (RGM), a gaseous 
species of Hg(II) (Malcolm et al., 2003; Malcolm et al., 2009).   Most Hg flux into 
watersheds is via direct atmospheric deposition (Morel et al., 1998).  
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The main forms of Hg in the water column are elemental (Hg(0)), inorganic 
Hg(II) species, and organic species. Total mercury (THg) includes all species of Hg 
that are not organic (or not methylated) and is often separated into particulate 
(PHg) and dissolved (DHg or FHg) components.  In a methanogenic bacterial 
process, sulfate reducing bacteria convert Hg(II) to the organic forms (Jensen and 
Jernelov, 1969), including methyl mercury (MeHg), monomethyl mercury (MMHg), 
and dimethyl mercury.  MeHg is incorporated into organisms and biomagnifies in 
the food chain, causing elevated levels of Hg in predatory fish.  Human exposure to 
Hg is most commonly through the consumption of such predatory fish.  In order to 
mitigate human and biota exposure to Hg, an understanding of mercury behavior 
and how it is transported from the atmosphere to streams is critical. 
Some of the Hg(II) deposited into watersheds and streams can be 
photoreduced to Hg(0), and since this species is sparingly soluble, the Hg(0) may be 
re-emitted back to the atmosphere (Morel et al., 1998).  Factors within the water 
column may affect the equilibrium between Hg(0) and Hg(II) in the water column.  
For instance, ultraviolet radiation (UVR) increases the emission of Hg to the 
atmosphere (Peters et al., 2007).  On the other hand, dissolved organic carbon (DOC) 
attenuates UVR in shallow lakes (Morris et al., 1995), and can be attributed to 10-
30% of UV attenuation in the UV-B band in small streams (Belmont et al., 2009).  
Blocking UVR penetration in the water column can decrease photoreduction rates, 
causing a decrease in emission of Hg(0) to the atmosphere (Lalonde et al., 2001).       
Other than through attenuation, DOC may control mercury concentrations in 
aqueous environments through transporting stored Hg pools during high-flow 
events.  DOC includes organic material that is dissolved, not suspended in the water 
column and is made up largely of humic and fulvic acids.  DOC is found in leaf litter 
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layers, and the concentration is increased in soil horizons closer to the ground 
surface and lowest in groundwater (Trumbore et al., 1992).  Unless there is a local 
source like a chlor-alki plant or fossil-fueled power plant, most Hg is atmospherically 
deposited onto watersheds.  Proposed pools of Hg other than dry and wet deposition 
are wash-off and foliar leaching of leaf surfaces via throughfall (Rea et al., 2001) and 
the organic soil horizon (Demers et al., 2007).  Leaves, which have increased surface 
area for trapping dry Hg deposition compared to other surfaces, fall to the ground 
surface.  The leaf litter pulse increases Hg in the uppermost organic soil horizon.  In 
addition plants and fungi transport any mercury that has percolated to lower soil 
horizons through roots, returning or recycling the Hg into the upper organic soil 
horizon once the fungi decompose (Demers et al., 2007).  The humic acid content of 
DOC has an affinity for metals, such as mercury (Baird and Cann, 2005).  In 
laboratory experiments DOC has exhibited stronger binding for Hg than either 
chloride ion or ethylenediamine-tetraacetic acid (EDTA) (Benoit et al., 2001).  In 
Northern Quebec humic soils, most mercury is in the organic form and stably bound 
to humified organic matter (Lucotte et al., 1999).  Having an affinity for Hg in 
conjunction with having a shared upper soil pool with Hg, DOC has been proposed to 
facilitate the transport of Hg to stream ecosystems.   
Since the 1990’s a plethora of studies have found a significant correlation 
between mercury species (both methylated and non-methylated) and organic carbon.  
The regression of [THg] and [DOC] in lakes of the Adirondack Mountains, NY, was 
strongly positive with a correlation coefficient of 0.79 (Driscoll et al., 1995).  A study 
of Wisconsin lakes determined a strong positive correlation between dissolved 
mercury (DHg or FHg) and [DOC] (r2 = 0.83) and also between ionic dissolved 
mercury (DHg(II)) and [DOC] (r2 = 0.81) (Watras et al., 1998).  Another Adirondack 
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study involved measuring stream [THg] and [DOC] from inlets and outlets of a 
peatland and meadow and a strongly positive correlation (r2 = 0.80) between [THg] 
and [DOC], irrespective of season, was reported (Selvendiran et al., 2008).  Across 
four sites, including the Sleeper’s River watershed, in three different Northeastern 
US states, storm event data show a significant correlation (r2 = 0.87) between [FHg] 
and [DOC] and between [PHg] and particulate organic carbon concentration [POC] 
(r2 = 0.56) (Dittman et al., 2010).  Another Sleeper’s River watershed study resulted 
in [DOC] explaining 41-98% of the [DHg] variability and [POC] explaining half of 
the [PHg] variability in streams (Schuster et al., 2008).  For streams in Acadia 
National Park, Maine, a strong positive relationships between [Hg] and [DOC] with 
correlation coefficients of 0.84 and 0.69 for burned and unburned areas, respectively, 
was determined (Peckenham et al., 2007). Across several streams in Oregon, 
Wisconsin, and Florida, the [DHg] v [DOC]  most correlations were significantly 
positive with correlation coefficients ranging from 0.35 to 0.94 (Brigham et al., 
2009).   
Some studies have reported weaker correlations for THg and DOC.  For 
example, one of the streams in the Brigham et al. (2009) study demonstrated a 
significant negative [DHg] v [DOC] correlation with a correlation coefficient of 0.15. 
In addition, an insignificant THg-DOC correlation with a Pearson’s correlation 
coefficient of -0.18 was reported for Lake Lacawac in the Pocono region of 
Pennsylvania (Wollenberg and Peters, 2009) and [THg] and [DOC] in streams 
running through Acadia National Park, Maine weakly correlated, in comparison to 
other studies, with a correlation coefficient of 0.27 (Lyons et al., 2006).  With the 
exception of these studies, there is overwhelming support of a THg-DOC relationship 
in streams. 
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The formation of Hg and DOC aqueous complexes has enormous implications 
for the fate of Hg in aquatic ecosystems.  Organic matter, including DOC, decreases 
the bioconcentration factor of Hg in fish tissues and decreases bioavailability of Hg 
for methylation (Driscoll et al., 1995; Hammerschmidt et al., 2008).  
The source of DOC may be allochthonous (terrestrial origin), autochthonous 
(produced in stream microbial processes), or a composite of both (McKnight et al., 
2001).  The fluorescence index (FI) and spectral slope (slope of the regression of the 
absorption coefficient versus wavelength) are proxies to determine the origin and 
quality of DOC (McKnight et al., 2001; Kirk, 1994; Belmont et al., 2009).  If DOC is 
terrestrial in origin, the way in which land is used or disturbed may play a role in 
both DOC and THg fluxes and yields from catchments into streams.  Land-use type 
within a catchment can cause variation in the DOC and Hg concentrations exported 
in nearby streams.  Flow path locations within different land uses (pasture, native 
forest, exotic pine) have variant DOC quantity and quality (Findlay et al., 2001).  
Several studies demonstrate that DOC load increases to streams surrounded by 
wetlands (Gergel et al., 1999; Peckenham et al., 2007; Selvendiran et al., 2008; 
Fitzgibbon et al., 2008).  Slope is indirectly correlated to DOC with lower slope 
yielding greater DOC flux to streams (Belmont et al., 2009).  Agricultural land has 
been demonstrated to increase DOC concentrations (Belmont et al., 2009).  
Agricultural use has increased the fluxes of water and carbon from the Mississippi 
River in the last 50 years (Raymond et al., 2008).  Correlations between Hg and 
DOC indicate that both DOC and Hg fluxes can be altered by land uses and that 
landscape may also influence the nature of DOC, changing the way DOC interacts 
with Hg (Selvendiran et al., 2008).  Lyons et al. (2006) determined that not only 
agriculture, but extent of urbanization increased DHg concentrations.  Results of 
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another study indicate that Hg concentrations increase in primarily agricultural 
land use, and to a lesser extent, forested and wetland areas (Fitzgibbon et al., 2008). 
Increased levels of GEM, RGM, and PHg are associated with urban landscapes 
(Gabriel et al., 2005).   
Similar to land use type, geology underlying the catchments also has the 
potential to control [DOC] (Mosher et al., 2010) and major cation and trace element 
concentrations (Fitzpatrick et al., 2007); however, atmospheric deposition more 
likely controls [THg] in watersheds than geology does (Fitzgerald et al., 1998).  
Therefore, land use type and geology are crucial to explain spatial variation in THg 
and DOC concentrations, as well as changes in the [THg] v [DOC] correlation. 
In addition to spatial THg and DOC variations, seasonal variations in THg 
and DOC have been reported.  Net deposition of Hg to land occurs during the spring 
in Appalachia (Converse et al., 2010).  Ionic mercury deposited to snow packs in the 
Arctic is rapidly photoreduced to Hg(0) and is emitted back to the atmosphere (St. 
Louis et al., 2005).  Extending these results to other regions with snowfall in the 
winter, winter may exhibit a net emission of Hg, which agrees with the findings of 
Converse et al. (2010).  Previous studies have reported higher THg, DHg, and DOC 
concentrations  in the growing season compared to the non-growing season (Dittman 
et al., 2010; Selvediran et al., 2008), but not all studies have found a seasonal 
variation (Peckenham et al., 2007).  Increased plant growth and decomposition 
followed by fall senescence causes the increased [DOC] during the non-growing 
season compared to the dormant season. 
Measuring trace metal concentrations and major ion concentrations provides 
important information when interpreting DOC-Hg interaction in stream systems 
with other possible reactive ions and compounds.  Subsidiary stream chemistry can 
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alter Hg-DOC dynamics, and like [THg] and [DOC] these conditions can change 
spatially and temporally.  Spatial variations may be due to land use type.  Solution 
pH controls Hg binding to DOC, likely due to its effect in modifying the abundance 
and structure of DOC.  Lowered pH or acidic conditions results in more hydrogen 
ions competing with Hg(II) for binding sites on dissolved organic matter (Benoit et 
al., 2001).  This was confirmed in a study that observed decreasing pH increasing 
the concentration of both THg and MeHg (Driscoll et al., 1995).  Total Hg 
concentrations have also been correlated with suspended sediment (Fitzgibbon et al., 
2008).  Mercury concentration has been positively correlated with stream discharge 
in several studies.  Schuster et al. (2008) found that the highest Hg concentrations 
occurred slightly before peak flows and correlated with organic matter.  Discharge 
during fall and spring flows has correlated with Hg (Peckenham et al., 2007).  
Likewise, others have found that [THg] and [DOC] increased in high stream flow 
during summer storm events and the non-growing season from snow-melt 
(Selvendiran et al., 2008).  These additional parameters will help clarify why there 
may be outliers in the data or they may explain unexpected results.   
Storm event and increased discharge may result in an increase of terrestrial 
DOC influx to streams, and increased binding of Hg to DOC.  An understanding of 
stream hydrology and flow path during base-flow conditions and during elevated 
flow conditions is crucial in understanding how land-use type affects the fluvial 
export of THg and DOC from a watershed.  Traditional hydrological understanding 
of water movement through the ground and soils occurs due to two opposing forces – 
gravity and specific retention or soil moisture.  Specific water retention is caused by 
soil affinity for water, which causes water to collect at the capillary fringe.  Rain 
water percolates downward and is accumulated at the capillary fringe until a 
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sufficient volume of water collects to inhibit the specific retention and gravity 
overcomes the specific retention, causing the water to travel via gravity to the 
phreatic (deep) water, also known as the water table.  The water table rises due to 
the influx of water from the overlying soil and it rises above the previous water table 
level.  The capillary fringe is closer to the ground surface in lowlands, resulting in 
local high mounds in the water table at lowlands and riparian locations adjacent to 
streams (Fetter, 2001).  
A multitude of flow path scenarios have been presented.  Some support the 
concept outlined by Fetter (2001), some support the concept of saturated overland 
flow (OF) (Horton and Hawkins, 1964) and quick subsurface flow (Hewlett and 
Hibert, 1967) and others support a combination of the two.  Overland flow is thought 
to occur when rainfall rates surpass soil infiltration rates, producing OF at the top 
most soil and leaf litter layers.   The soil saturation triggers shallow flow paths, 
including interflow and macropore flow, from upland slopes that dominant storm 
flow or translatory flow of stored water (Hewlett and Hibbert, 1967).  Macropore 
flow is a proposed route of water through decaying plant roots and animal burrows 
that exceeds the rate of soil percolation to the water table, even when the above soils 
are not saturated (Fetter, 2001).   
Overland flow has been shown to occur during snow melt when the frozen 
ground acts as a barrier to snowmelt percolation, producing OF at the bottom of the 
snow pack, and THg and DOC peaks occurring slightly before the storm hydrograph 
(Schuster et al., 2008). In addition to snow melt, large summer storms have been 
related to Hg export via interflow and overland flow that has high [POC], which 
mobilizes stored pools of Hg (Schuster et al., 2008).  Flooding of wetlands is an 
alternative proposed mechanism of DOC facilitated THg export along shallow 
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subsurface paths, although the low hydraulic conductivity of peatlands lowers the 
THg flux (Selvendiran et al., 2008).  A study of four northeastern streams reported a 
strong relationship in DOC and Hg and supported a flow path that shifts from 
mineral soil horizons to shallow soil path ways (interflow or OF) with increased 
stream discharge (Dittman et al., 2010).  The change from protein-like to fulvic and 
humic-like properties of dissolved organic matter during storm events has been 
attributed to an influx of DOM from upland soils (Nguyen et al., 2010).  Surficial 
runoff with organic matter has been proposed to transport a fraction of newly 
deposited Hg before the Hg enters humic soil horizons (Lucotte et al., 1999).  
Others contend that OF only occurs locally in riparian zones directly adjacent 
to the streams and is not a large contributor to streams during storms (Trumbore et 
al., 1992; Pearce et al., 1986; Sklash et al., 1986).  One flow path scenario prohibits 
OF as a dominant source to streams, as OF constitutes a new source of rain water, 
and storm hydrographs are mainly composed of old water that has been stored since 
the previous rain event.  These conclusions were based on P18O measurements taken 
of rain water, GW, and stream water in New Zealand catchments.  The new water 
(the current rain) had a lighter P18O than old water (stored soil and GW) and than 
the stream water, which stayed constant even though the P18O in rain water varied 
over the storm.  In fact, long-term averages of stored soil/GW were similar to the 
stream water, but rain water had a considerably wider P18O range (Pearce et al., 
1986).   OF was witnessed only in the valley bottoms and rock outcrops (Pearce et 
al., 1986), where the capillary fringe is closer to the grounds surface (Fetter, 2001).  
OF in the riparian zones was not due to a rapid sub-surface mechanism such as 
interflow or macropore flow of upland water, but rather from the infiltrated rain in 
the riparian zone (Pearce et al., 1986; Sklash et al., 1986).   
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Depending on the sources of THg and DOC and the above flow-path 
scenarios, the ability of DOC to transport THg is especially affected if OF is not as 
important volumetrically and THg and DOC do not share a similar shallow soil pool 
in the riparian zone.  However, if high concentrations of THg and DOC are found in 
the organic soil horizons of the riparian zones, then even if OF does not 
volumetrically contribute, OF can still chemically contribute (Trumbore et al., 1992) 
to an increased THg and DOC flux during storm events.  Another study in the 
Northern Rocky Mountains determined that even when riparian areas are 
hydraulically connected to uplands during wet conditions, the riparian zone 
contributes more to DOC export than do the upland areas (Pacific et al., 2010).  
Antecedent moisture conditions also affect the relationship between discharge and 
DOC.  The relationship is stronger during dry periods and weaker during wet 
periods (Biron et al., 1999).    
Study Goals 
 The goals of this study are: 
1. To determine if spatial and temporal variations exist in DOC and THg 
concentrations, fluxes, and yields within a small watershed.  If spatial 
variations exist, to determine whether the cause can be attributed to 
land-use type or geology.  Variations in subsidiary chemistry are tied 
to this first goal. 
2. To explore whether the strong DOC-THg correlation found in previous 
research applies to a small watershed of first-order streams.  Included 
in this goal is to determine whether subsidiary chemistry correlations 
are associated with the flux or yield of THg.   
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3. The third and final purpose of the study is to examine whether the 
DOC-THg and subsidiary correlations and responses to four summer 
storm events reveals the flow-path of THg and DOC during the storm 
events.  Attached to this last goal is to examine whether the size of 
storms and antecedent moisture conditions affect the flow-path taken 
during storm events and, subsequently, whether the flow-path taken 
affects the THg-DOC relationship in the catchment. 
 
Study Site 
The study site is a 1,726 hectare portion of the Little Lehigh watershed 
(LLW), Berks County, PA (Figure 1) and is approximately 24 kilometers southwest 
of Allentown, PA.  The first-order streams within the watershed converge to form 
the Little Lehigh River, which is a tributary of the much larger Lehigh River.  In 
turn, the Lehigh River is then a tributary to the Delaware River.  Seven stream sites 
within the LLW were included in the study (Figure 2).  The lower-most site is LL0, 
and the LL0 watershed is subdivided into six other watersheds, which are LL4, LL5, 
LL6, LL7, LL8, and LLWL (Figure 2).  Furthermore, LL6 encompasses LL4 and LL5 
(Figure 3).   
Sample and data collection took place at specific stream locations within each 
watershed. Based on nearby deposition at Valley Forge, PA and past deposition 
rates from Centralia, PA, the amount of mercury entering the LLW via wet and dry 
deposition is between 130 -140 g Hg/yr (National Atmospheric Deposition Program’s 
Mercury Deposition Network http://nadp.sws.uiuc.edu/mdn/). 
Dolomite and sandstone dominate the bedrock type of lower sections of the entire 
study catchment area, and the watersheds with higher elevation are underlain by a  
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Figure 1.  The study site is part of the Little Lehigh watershed in Berks County, PA.  The 
location is approximately 32 kilometers east of Reading, PA and is about 24 kilometers 
southwest of Allentown, PA.  The town seen in the top left corner is the small town of 
Topton, PA.  The overall catchment studied is shown, with site LL0 shown as a circle. 
 
 
 
Figure 2.  The overall LL0 catchment is subdivided into six other watersheds, which are 
outlined in dark gray. Each sub-watershed is labeled in white, with the associated stream 
site labeled with a circle.  
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Figure 3.  Watershed LL6 is larger than it appears in Figure 2.  Catchments LL4 and LL5 
are encompassed inside watershed LL6.   
 
 
Figure 4.  Various bedrock types underlay the watersheds. Dolomite is mainly in watershed 
LL0, felsic to mafic gneiss and sandstone are scattered throughout the watershed, 
hornblende gneiss is in watersheds LL0, LL4, LL5, and LL7. Graphitic gneiss is in 
watersheds LL0 and LLWL, and felsic to intermediate gneiss is in watersheds LL4 and LL7. 
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Figure 5. The watersheds are a mixture of land-use types.  A large portion of the catchment 
remains as secondary-growth hardwood forest (green/gray).  The northern portion of the 
overall catchment and parts of the southern portion are used as agriculture (light blue/light 
gray).  Smaller areas of suburbs (red/black) are scattered throughout the watershed. 
 
 
Table 1. The GPS location (decimal degrees) for each site, as well as the acreage,  
land-use type and bedrock geology percentages for each watershed are listed. 
Watershed LL0 LL4 LL5 LL6 LL7 LL8 LLWL 
GPS Location 
445293.9 
E 
4483055.3 
N 
445275.1 
E 
4481553.4 
N 
445074.8 
E 
4481720.2 
N 
445192.1 
E 
4482135.3 
N 
443592.3 
E 
4481271.7 
N 
442929.4 
E 
4482420.5 
N 
441963.9 
E 
4481932.1 
N 
Area (ha) 1,726     184     251     556     165     142     162 
Land Use 
Type (%) 
Forest 66 75 72 72 46 84 92 
 Agriculture 21 10 16 17 40   6   5 
 Suburban 13 15 12 11 14   9   3 
         
Geology  
(%) 
Felsic to Mafic 
Gneiss 
55 48 77 66 33 79 93 
 
Graphitic to 
Felsic Gneiss 
  1   0   0   0   0   0   7 
 
Hornblende 
Gneiss 
19 50 22 27 64   0   0 
 
 Felsic to 
Intermediate 
Gneiss 
       0.4   2   0      0.6   2   0   0 
 Sandstone 12   0   2   3   2 19   0 
 Dolomite 12   0        0.08   4   0   3   0 
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of gneisses (Figure 4).  Consequently, agriculture, especially soy and  
corn farming (Belmont, 2009) has taken hold in the areas of lower elevation (Figures 
1 and 5). The elevated portions of the watershed remain secondary-hardwood boreal 
forest (Belmont, 2009), interrupted occasionally with small farms or suburban 
homes (Figures 1 and 5).   
Methods 
Geographic Information Systems Methods 
Geographic Information Systems (GIS) supported the determination of 
watershed locations in addition to quantifying the acreage, land-use types, and 
bedrock geology within each study catchment.  Land-use types were used to evaluate 
if variations in THg, DOC, and other factors was a function of land-use type; geology 
was used to evaluate if major ion concentration varied as a function of geology.  
Digital Elevation Models (DEM) were downloaded (Pennsylvania Spatial Data 
Access (PASDA) at www.pasda.psu.edu/), and used to create the streams of interest 
digitally, and, along with GPS recordings of each site, the watersheds were digitized 
in GIS.   A 2006 aerial photograph was downloaded as a raster (PASDA Aerial 
Photography at www.pasda.psu.edu/), which was used as a guide to create a discrete 
layer of land-use types in GIS.  Likewise, the 30-60 minute Reading Quadrangle of 
bedrock geology for the watershed was downloaded and a discrete geology layer was 
created in GIS (http://www.dcnr.state.pa.us/topogeo/gismaps/digital.aspx).  
The size of the entire LL0/LLW watershed studied is 1,726 ha, and the 
watersheds within LL0 range from 142 ha to 556 ha.  The overall LL0 watershed 
exhibits a variety of land-use types, including forest, agriculture, or suburban 
(Figure 5 and Table 1), and each subdivided watershed within LLW has a unique 
combination of each land-use type.  The LL0 is underlain mainly by felsic to mafic 
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gneiss, hornblende gneiss, the Hardyston Formation (sandstone), the Leithsville 
Formation (Dolomite), and lesser extents of other gneisses (Figure 4 and Table 1). 
Field Methods 
The water sampling regime is divided into two categories: bi-weekly 
samplings performed from March 2009 until October 2011 and storm event sampling 
performed using an automated sampler from spring 2010 to fall 2010.  The sampling 
period for the bi-weekly samples was extensive enough to compare samples on a 
seasonal basis (growing or non-growing season), and a stream discharge level basis 
(base-flow or high-flow stream discharge).  The growing season for this study was 
defined as from April 15 to November 3, and the non-growing season as from 
November 4 to April 14 for the study site location (based on NESDIS U.S. Climate 
Normals Freeze/Frost Data).  The thresholds for base-flow and high-flow discharge 
were determined on a case by case basis from the hydrograph for each stream.  For 
site LL0 the threshold was 0.5m3/s from May 2009 to August 2010 and was 0.2 m3/s 
from September 2010 to December 2010;  for site LL6 the threshold was 0.3m3/s 
from September 2009 to December 2009 and was 0.6m3/s from April 2010 to 
September 2010; and for site LLWL the threshold was 0.04m3/s from April 2009 - 
December 2009, 0.08 m3/s from April 2010 – September 2010, and 0.20m3/s from 
September 2010 – December 2010. 
Approximately bi-weekly, pH, specific conductivity (SC), dissolved oxygen 
(DO), and temperature were measured in situ using the Quanta G hydroprobe and 
interface (Hydrolab-Hach Company, Loveland, CO).   In-situ, stream discharge (Q) 
was also determined by measuring the depth and stream flow using a pressure flow 
meter along the cross section of steams LL0, LL6, and LLWL.  Once an acceptable 
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number of Q values were measured across a large range of stream conditions, rating 
curves were created.  Level loggers, which measured the stage height of these 
streams every 15-minutes, had been placed at sites LL0, LL6, and LLWL.  These 
depths were applied to the rating curves to determine Q at 15-minute intervals for 
each of the three sites.  
In addition to the in situ measurements, bi-weekly stream samples were 
collected for total particulate matter (TPM), THg, DOC, fluorescence and 
absorbance, major cations, and trace metals analyses.  Two samples were taken from 
each site.  The sample for THg analysis was collected in a one liter amber 
borosilicate glass bottle with a Teflon-lined cap.  Water for a variety of other 
laboratory analyses was collected in a 1L polypropylene bottle. 
Laboratory Methods 
The THg samples were preserved with 1ml of bromine chloride (BrCl) as 
detailed in EPA method 1631, transported to the laboratory, and refrigerated until 
analyzed.   An aqueous phase mercury calibration curve was created, and 
instrument stability was checked using saturated Hg(0) taken from a temperature 
controlled Hg source.  Following EPA method 1631, samples are purged with clean 
argon and carried to a set of two gold traps, where Hg(0) is amalgamated to the gold-
coated beads in the traps.  The traps are heated in succession, and are carried to the 
Cold Vapor Atomic Fluorescence Spectroscopy (CVAFS) (Tekran 2500 Mercury 
Detector, Toronto, ONT.).  The analyzer detects the fluorescence and converts this to 
an electric signal which is integrated using National Instruments LabVIEW 
software.  In this manner, the unfiltered samples were analyzed for THg. 
The other sample (was collected in a 1L polypropylene bottle) was 
transported to the laboratory for multiple analyses, including TPM, absorbance, 
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fluorescence, DOC, and trace metal analysis.  Within 24 hours, this stream sample 
from each site was appropriately filtered and preserved for the analysis procedure of 
interest.  For TPM, DOC, absorbance, and fluorescence analyses, the sample was 
filtered with ashed Whatman 0.7 µm glass fiber filters (GF/F).  Total particulate 
matter (TPM) was analyzed using pre-weighed clean and ashed GF/F filters, 
filtering a known volume of sample, and drying the filter at 65ºC. 
The filtrate was retained and divided for DOC, fluorescence, and absorbance 
(unpreserved) analyses and refrigerated until the analyses were performed.  The 
[DOC] in the samples was measured with the Shimadzu TOC-V CPH 500Analyzer 
(Columbia, Maryland). Fluorescence emission from 400-700nm was measured on the 
Shimadzu RF-551 fluoremeter at an excitation wavelength of 370nm.  Blank values 
were determined from measuring the fluorescence of DIW and were subtracted from 
the fluorescence of the samples.  The fluorescence index (FI) was calculated as the 
ratio of fluorescence emission at 450nm to 500nm (McKnight et al., 2001).  
Absorbance or optical density was measured from 200-800nm on the Shimadzu UV-
Visible 1601 dual beam spectrophotometer.  The instrument was referenced to air in 
a 10cm quartz cell, and the optical density of DIW in a 10cm quartz cell represented 
the blank vale, which was subtracted from all sample optical densities.  All optical 
densities were adjusted to absorbance values based on the size of the quartz cell 
(Kirk, 1994).  From the absorbance values, spectral slope from 280 to 320 nm was 
calculated as the slope of the line through the regression of the log of absorbtion 
versus wavelength from 280 to 320nm.  Specific DOC absorbencies at 320nm 
(Specific-DOC a320 or DOC/a320) were calculated by dividing the [DOC] of a given 
sample by its associated absorbance at 320nm (Morris et al., 1995). 
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Part of the second sample was filtered through a 0.45µm plastic filter and 
preserved with nitric acid (HNO3) to a pH <2 for major cation and trace metal 
analyses.  The cations and trace metals in the samples were measured using a 
combination of inductively coupled plasma mass spectrometry (ICP-MS, Thermo X-
Series, Thermo Elemental, Winsford, UK). The cations of interest were sodium (Na), 
potassium (K), calcium (measured as Ca44), magnesium (Mg), strontium (Sr), and 
silicon (Si).  Collection and preservation for cations and trace metals began in March 
of 2010. 
A total of four storm events from LL0 were captured from Spring to Fall 
2010. An automated sampler (Teledyne Isco, Teledyne Technologies, Thousand Oats, 
CA) was placed at site LL0 in May 2010 next to a canopy-clear rain gage that was 
installed at the end of March 2010.  The automated sampler was connected to the 
rain gage and triggered once more than 0.03 inches of rain fell at LL0 in a 15-minute 
time window.  A Teflon tube was used to pump the water from the stream into 12 
glass jars.  Once triggered, ice was placed manually inside the automated sampler to 
retain Hg in the aqueous phase (Riscassi et al., 2010).  Once triggered by rain, the 
automated sampler collected 12 bottles in a 47 hour time-frame.  The storm events 
that were captured occurred from July 10 to July 12 (SE3), September 28 to 
September 30 (SE8), September 30 to October 2 (SE9), and October 14 to October 16 
(SE10). Once the storm event ended, the 12 bottles were transported back to the lab 
and filtered and separated as detailed above for the bi-weekly samples.  
Upon obtaining the lab results, the data were used to compare analyte 
concentrations across sites and seasons, to create and quantify stream hydrographs 
and stream discharge, to determine THg and DOC fluxes and yields, to create 
hysteresis loops of storm events, and to regress stream parameters to illustrate 
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possible relationships between certain analytes.  The DOC and THg fluxes for 
watersheds LL0, LL6, and LLWL were calculated using equations 1 – 4: 
 (1)  [THg(ng/L) x Q(m3/s) / number of days Q measured]*1000 = THg flux (mg THgday-1) 
(2)  [THg flux (mgday-1) / Watershed Area (ha)] = THg yield (mgday-1ha-1) 
(3) [DOC (mg/L) x Q (m3/s)) / number of days Q measured] /1000 = DOC flux (kgday-1) 
(4) [DOC flux (kgday-1) / Watershed Area (ha)]*1000 = DOC yield (g/day-1ha-1) 
The Q for each watershed was integrated in Sigma Plot for base-flow and for 
high-flow stream discharge.  The “number of days measured” in equations 1-4 refer 
to the number of days the level logger instruments were deployed at each site.  THg 
and DOC samples collected during base- and high-flows were multiplied by the 
respective Q.  Means of the DOC and THg fluxes and yields were calculated for base- 
and high-flow and compared among the three watersheds. 
Statistical Methods 
SAS statistical software was used to determine whether significant 
differences existed between the [DOC], DOC specific absorbance, DOC flux, optical 
parameters, and [major cation] between the seven sites (or if the variable was 
associate with Q, between the three sites where Q was recorded – LL0, LL6, and 
LLWL).  An ANOVA procedure was used for each variable with the REGWQ method 
of grouping sites.  The ANOVA procedure was performed for each variable using: 1) 
all the data, 2) only data collected during the growing season, 3) data collected 
during the non-growing season, 4) data collected during high-flow conditions, and 5) 
data collected during base-flow conditions.  Levene’s test ensured homoscedasticity.  
If the sites demonstrated heteroscadsticity, then the Welch’s procedure was used as 
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long as the results exhibited normality, which was tested using the Shapiro-Wilk 
test in SAS.  If the variable proved to be from a non-normal distribution as well as 
heteroscedastic, the statistical results were taken as not valid.  Differences between 
sites determined in SAS were examined based on land use type using the linear 
contrast option in the ANOVA procedure and the Bonnferonni grouping method.  .  
DOC and THg flux and yield comparisons were made using ANOVA and the 
Bonferonni grouping method in Sigma Plot, unless the ANOVA assumptions were 
violated, in which case, an appropriate alternative statistical method was used.  The 
significance of correlations was determined in Sigma Plot. 
 
Results 
Flux and Yields of DOC and THg 
 Total mercury and DOC fluxes and yields were calculated at sites LL0, LL6, 
and LLWL.  Based on bi-weekly samples, DOC fluxes ranged from 3.2 to 194 Kgd-1.  
Fluxes were calculated for base- and high-flow stream discharge (Figure 6).  Mean 
base-flow DOC fluxes were 49, 47, and 7.4 Kgd-1, and mean high-flow DOC fluxes 
were 86, 41, and 8.3 Kgd-1 for sites LL0, LL6, and LLWL, respectively (Figure 6).  
Statistically, site LLWL produced the lowest DOC flux during both high-flow and 
base-flow (H(2) = 21.080, p < 0.001 and F(2, 42) = 24.352, p <0.001 for high- and 
base-flow, respectively). Across sites, DOC fluxes were significantly higher during 
high-flow than during base-flow (Mann-Whitney U = 481, medians 43.144 and 
27.864, n1 = 33, n2 = 45, p = 0.01). 
Pooling the data across the sites, DOC yields ranged from 15 to 127 gd-1ha-1.  
Mean base-flow DOC yields were in the order of LL6 (85 gd-1ha-1) > LLWL (46 gd-1ha-
1) > LL0 (29 gd-1ha-1), and statistically, site LL0 had the lowest base-flow DOC yields 
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(F(2, 42) = 17.185, p <0.001).  Mean high-flow DOC yields were in the same order as 
for base-flow with LL6 (75 gd-1ha-1) > LLWL (51 gd-1ha-1) > LL0 (50 gd-1ha-1) (Figure 
6); however, the sites did not produce significantly different DOC yields (F(2, 30) = 
1.959, p = 0.16, power low at 0.19).  DOC yields were significantly higher at high-
flow than the yields at base-flow (Mann-Whitney U = 886, n1=32, n2 = 33, p = 0.03).   
 Total mercury fluxes ranged from <0.7 to 76 mgd-1, and THg yields ranged 
from 4.3x10-4 to 0.11 mgd-1ha-1 (Figure 7).  For THg flux at base-flow, the sites were 
in the order of LL6 (43 mgd-1) > LL0 (35 mgd-1) > LLWL (7.6 mgd-1), and LLWL had 
a significantly lower THg flux than LL0 (t(2,3) = 0.023, p = 0.02).   During high-flow 
the mean THg fluxes are 30, 26, and 3.8 mgd-1 for sites LL0, LL6, and LLWL, 
respectively, and no variance between the sites was detected (F(2,21) = 2.775, p = 
0.1, power low at 0.319).  Across the three sites for which THg fluxes and yields were 
calculated, THg fluxes ranged from <0.69 – 76 mg/day (or <0.25 – 27.7g/yr or 
<2.5x10-4 – 0.03kg/yr) (Figure 7).  Across the three sites THg yields ranged from 
<4.3x10-4 – 0.11 mg/ha/day (or <0.2 to 4.0µg/m2/yr or <5.0 to 12.7ng/km2/s) (Figure 7).   
 Although the mean THg yield results indicate that watershed LL6 transports 
the most THg (base = 0.08 and high = 0.04 mgd-1ha-1), followed by catchment LLWL, 
and site LL0 transports the least THg, significant spatial difference in THg yield 
was not detected (F(2, 21) = 1.283, p = 0.30 and t(3) = -0.985, p = 0.38 for high- and 
base-flows, respectively); however, the power on each test was low.  For all sites, no 
variance was detected between THg transported at base-flow stream discharge and 
at high-flow (t(28) = -1.309, p = 0.20); however the power on the analysis was low.  
Many of the THg flux and yield results were limited by the data, especially for site 
LL6, for which only one value is represented.  The results would be more meaningful 
with additional THg and Q data. 
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Figure 6. DOC Flux (top) and DOC Yield (bottom) results for sites LL0, LL6, and LLWL 
during base and high-flow stream conditions demonstrate base-flow conditions generally 
transport more DOC than high-flow stream conditions.  Site LLWL has both the lowest DOC 
flux and yield.  Notice the mass unit difference between the flux and yield values.  Errors 
represent +/- 1 SD. 
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Figure 7.  THg fluxes (top) and THg yields (bottom) for sites LL0, LL6, and LLWL display 
the base-flow values being higher than the high-flow values.  Errors bars represent +/-1 SD.  
One value represented the THg flux and yield during base-flow. 
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Spatial and Seasonal Statistical Variances 
Total Mercury and Dissolved Organic Carbon 
The THg concentrations determined among all seven sites ranged from <0.4 – 
6.4ng/L, and the mean [THg] ranged from 1.0 ng/L at site LL7 to 2.0 ng/L at site 
LLWL (Figure 8).  Statistically, the mean [THg] from the sites are not variant (F(6, 
85) = 1.30, p = 0.50).  When the samples from all sites are pooled into either growing 
or non-growing season categories, t-test showed no significant seasonal variation in 
[THg] (t(90) = 0.55, p = 0.56)) (Figure 9).  Likewise, seasonality does not affect the 
[THg]/[DOC] ratio (t(80) = -0.59, p = 0.56)).  In brief, the seven sites do not have 
different mean [THg], even when isolated by season.   Additionally, there is not a 
seasonal difference in the pooled [THg] or [THg]/[DOC] for the overall watershed.  
Bi-weekly THg data across all seven sites ranged from <0.4 – 6.4ng/L (Figure 8), and 
the storm event data across all four storm events from site LL0 ranged from 0.5 – 
10.6ng/L.  Therefore, the overall [THg] range measured in the LLW in this study 
was <0.4 – 10.6ng/L.   
Bi-weekly [DOC] ranged from 0.7 to 8.3 ppm across all sites.  When all seven 
sites are compared separately using all data, there is a significant variance among 
the [DOC] means (F(6, 280) = 2.42, p = 0.03) (Figure 10).  Site LL4 with mean [DOC] 
of 2.7 ppm has a significantly higher [DOC] than site LL8 with 1.7 ppm (Figure 10).  
When the seven sites are compared based on the percentage of agriculture within 
each watershed, the only condition for which there is significance is for stream 
samples collected during the non-growing season.  When the non-growing-season 
[DOC] means are grouped based on percent agriculture, sites within watersheds 
between 0 and 10% agricultural land have a significantly lower [DOC] than those 
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with 40% or more agricultural land (i.e., sites LL8 and LLWL have significantly 
lower [DOC] than site LL7) (F (3, 94 = 3.42, p = 0.02). 
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Figure 8. Although the [THg] means of 2.0ng/L at both sites LL8 and LLWL are higher than 
at the other sites, [THg] between the seven stream sites do not display statistical variation.  
The error bars are +/- 1SD.   
 
  The [DOC] results from all sites were pooled together and the growing and non-
growing-season [DOC] were compared.  The t-test results suggest that the growing-
season mean [DOC] of 2.6 ppm is significantly higher than the non-growing-season mean 
[DOC] of 1.6 ppm (t(284) = -5.78, p <0.0001) (Figure 9).  In summary, there is a 
difference in [DOC] among the sites caused by LL4 having a higher [DOC] than LL8.  
During the non-growing season sites with minimal agricultural use and most forest cover  
have lower [DOC] than watershed extensively used agriculturally.  Lastly, seasonally, 
higher [DOC] occur during the growing season. 
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Figure 9.  Bi-weekly [THg] (light gray) and [DOC] (filled) across all seven sites were grouped 
into samples collected during the growing season or the non-growing season.  Statistically, 
[THg] from the growing season are non distinct from [THg] representing the non-growing 
season.  In contrast, the mean growing season [DOC] is significantly higher than the mean 
non-growing season [DOC]. 
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Figure 10. The DOC concentrations at the seven sites significantly vary considering all data 
(left).  The DOC concentration at site LL4 is significantly greater than the concentration at 
site LL8.  For the non-growing season data (right) (DOC) at site LL7 (over 40% agricultural) 
is significantly greater than the [DOC] at sites LL8 and LLWL (0-10% agricultural) when the 
sites are grouped based on the percentages of land used for agriculture.  Note that based on 
agricultural land coverage, site LL5 is grouped with LL4 and LL6. 
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Spatial Variances 
Optical Properties 
Pooling data from all sites, the DOC-specific absorbance ranged from 2.0 to 
35.6 gm-2.  Considering all of the data of the seven site separately, sites LL7 and LL0 
have a significantly higher specific-DOC absorbance than LL8 (F (6, 279) = 2.53, p = 
0.02) (Figure 11).  Based on samples collected only during the growing season, site 
LL7 exhibits a higher DOC-specific absorbance than site LL8 (F (6, 181) = 2.90, p = 
0.01) (Figure 11).  Thus, for both all data and growing season data, site LL8 has the 
lowest DOC-specific absorbance out of all of the sites (Figure 11).  When the DOC-
specific absorbance results are compared based on the percentage of the land use 
within each watershed that is agricultural, there is significant variance among the 
seven sites (F (3, 282) = 4.22, p = 0.01).  Specifically, watersheds with 0-10% of land 
designated as agriculture (sites LL8 and LLWL) have significantly lower mean 
DOC-specific absorbencies than watersheds composed of 20-30% agricultural land 
(LL0) and over 40% of land devoted to agriculture (LL7).  In other words, watersheds 
represented by more agriculture have higher DOC-specific absorbance than 
watersheds with the least percentage of forested land-use type. 
Maximum fluorescence per unit DOC across all sites ranged from 33 to 172 
L/mg.  Similar to DOC-specific absorbance, maximum fluorescence per DOC 
variations are present between some of the sites (F (6, 278) = 5.08, p < 0.0001) with 
site LL7 having a significantly higher mean maximum fluorescence per unit DOC 
than site LL8 (Figure 12).  Specifically to all maximum fluorescence per unit DOC 
data, the results are in the order of LL7 > LL0, LLWL, and LL8; and LL4 > LL8 
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Figure 11.  The DOC-specific absorbance (a320/DOC) means and +/- 1 SD for each site display 
significant variance.  Specifically, sites LL0 and LL7 have greater a320/DOC values than site 
LL8 across all conditions (left), and site LL7 has a greater a320/DOC value than site LL8 
during the growing season (right). 
 
 (Figure 12a).  When the growing season samples are isolated and compared, sites 
LL7 and LL4 have higher maximum fluorescence per unit DOC values than LL8 ( 
F(6, 181) = 4.04, p = <0.01) (Figure 12b).  Isolating the non-growing season samples, 
the comparison of the sites results in a significantly different maximum fluorescence 
per unit DOC mean for the sites (F(6, 89) = 2.37, p =0.04), and the difference is 
attributed to site LL7 having a greater maximum fluorescence per unit DOC than 
sites LLWL and LL8 (Figure 12c).    In other words, independent of season, site LL7 
has a higher maximum fluorescence per unit DOC value than at least site LL8. 
When only the results of the high flow conditions are included, a significant 
variance exists between sites LL0, LL6, and LLWL (F (2.30) = 4.07, p = 0.03), and 
the variance is due to site LL6 having a greater maximum fluorescence per unit 
DOC than site LLWL (Figure 12d). 
When the sites are categorized based on the percent of agriculture land-use 
type within each watershed, all conditions except base flow, exemplify significant 
mean maximum fluorescence per unit DOC variance between the watersheds (all 
data: F (3, 281) = 8.67, p <0.0001; growing season data: F (3, 182) = 6.42, p  <0.01; 
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non-growing season data: F (3, 92) = 4.43, p = 0.01; high flow data: F (2, 30) = 8.67, p 
= 0.03).  Specifically, watersheds containing 0-10% agricultural land-use type had 
lower maximum fluorescence per unit DOC values than both watersheds with 10-
20% and over 40% agricultural land-use type within their watersheds.  In addition, 
the watershed with 20-30% agricultural land-use type (site LL0) had a lower mean 
maximum fluorescence per unit DOC than the watershed with over 40% of land 
designated as agricultural (site LL7).  
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Figure 12.  The means and standard deviations of the maximum fluorescence per unit DOC 
for each site indicate variance among the sites when all data (a), growing-season data (b), 
non-growing season data (c), and high-flow season data (d) are examined.  Generally, sites 
LL8 and LLWL have the lowest maximum fluorescence per unit DOC values independent of 
season and flow.  
 
In summary, site LL7, which has the most land used for agriculture, has 
higher maximum fluorescence per unit DOC values than at least site LL8, 
considering all data, growing-season data, and non-growing-season data.  When the 
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sites are grouped based on the percentage of agricultural land within each 
watershed, generally, sites with less agriculture had lower maximum fluorescence 
per unit DOC irrespective of season and during high Q conditions. 
The range of spectral slope (S280-320nm) was -0.0162 to -0.0121 m-1.  Variance 
exists between the S280-320nm when all data, the growing season data, and the 
 non-growing season data are considered but not for the flow condition data (all data: 
F(6, 278) = 8.33, p < 0.0001; growing season data: F(6, 180) =5.27, p < 0.0001; non-
growing season: F (6, 90) = 5.57, p < 0.0001) (Figure 13).  Consistently, site LL7 
exhibits a higher S280-320nm than the other six sites, except for LL5, considering 
growing- (Figure 13b) and non-growing-season (Figure 13c) data separately; for 
these two cases, LL7 and LL5 have equally the highest S280-320nm.   Additionally, with 
respect to S280-320nm, LL5 > LL4 using all the data (Figure 13a), and LL5 > LLWL 
using only the non-growing-season data (Figure 13c).  For the most part, site LL7 
displays a higher S280-320nm, which implies that the DOC in the stream water of site 
LL7 has a higher humic acid composition than the other sites. 
Comparing the S280-320nm of the watersheds based on the percent of agriculture 
land-use type, ANOVA results indicate significant variance among the sites (all 
data: F (3, 281) = 11.01, p < 0.0001; growing season data: F (3, 183) = 6.87, p < 0.001; 
non-growing season data: F (3, 93) = 6.42, p < 0.001).  Watershed LL7, which has the 
highest humicity overall is also the only watershed that is over 40% agricultural in 
area.  For all data and for growing- and non-growing season data, sites with 0-10% 
(LL8 and LLWL), 10-20% (LL4, LL5, LL6), and 20-30% (LL0) of land designated as 
agricultural all have lower humicity than site LL7, of which, agricultural land-use 
type covers over 40%. 
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Figure 13. Spectral Slope (S280-320nm) means and standard deviations of the seven sites for all 
samples collected (a), for samples collected during the growing season (b) and non-growing 
season (c) appear similar.  However ANOVA combined with REGWQ results indicate that 
site LL7 stream water has a significantly lower S280to320nm, or higher humic content, than all 
of the other sites independent of season.  Error bars are +/- 1 SD. 
 
Total Particulate Matter and pH 
Across all sites, pH ranged from 5.97 to 8.28.  The pH values for the sites 
indicate that sites LL6, LL4, and LL0 are more basic than sites LL8 and LLWL, 
which have a lower pH (F(6, 261) = 6.29, p < 0.0001), when all data are considered 
(Figure 14).  Ranges in total particulate matter were 0.1 – 70 ppm. The only 
condition in which a variation in TPM exists is during base-flow when the three sites 
are organized based on percentage of land use.  The total particulate matter 
concentrations illustrate that during base flow, site LLWL has a higher [TPM] than 
site LL0 (F (2, 40) = 3.85, p = 0.0295) (Figure 15).  In particular, watersheds with 0-
10% (LLWL) of land covered by agriculture have a significantly higher TPM 
concentration than those with 20-30% (LL0) of land covered by agriculture.  Notice 
for base flow conditions, the highest percent agricultural land use category is 20-30% 
for TPM because site LL7 is the only watershed with more than 40% of its area 
covered by agriculture. 
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Figure 14. The pH values and +/- 1 SD error bars demonstrate that sites LL0, LL4, LL6 are 
more basic than sites LL8 and LLWL when all data are compared. 
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Figure 15.  Total particulate matter concentrations [TPM] collected during base-flow Q 
indicate [TPM] at site LL0 are statistically higher than [TPM] measured at site LL0.  Error 
bars represent +/-1 SD. 
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Cations 
The cation results often violated both assumptions of the analysis of variance.  
As with the other variables, only the ones that did not violate both are presented.  
The cations of interest are Na, K, Mg, Ca, Sr, Si, and Al.  The sites do not vary 
considerably in the aluminum concentration (F (6, 116)) = 0.82, p = 0.56).  For the 
rest of the cations, except for Si, site LLWL consistently has the lowest 
concentration.    
Across all sites, [Na] ranged from 2400 to 12,200 ppb.  Sodium samples 
collected during high and base flow stream conditions did not violate the ANOVA 
assumptions, so that sites LL0, LL6, and LLWL are comparable. The mean [Na] at 
site LL6 is significantly higher than site LLWL during high-flow stream conditions 
(F(2,15) = 42.55, p < 0.0001) (Figure 16).  For samples collected during base-flow 
stream conditions, [Na] are significantly variant (F (2,22) = 93.34, p < 0.0001) for all 
three sites considered and [Na] for each site are in the order of LL6 > LL0 > LLWL 
(Figure 16). 
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Figure 16. Calcium ion means and +/- 1 SD for high-flow (left) and base-flow (right) depict 
site LLWL as having the lowest concentration under both flow conditions.  Variation 
between the sites was not found under any other conditions or across all conditions. 
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Pooling data from all sites, [K] ranged from 750 – 19,700 ppb.  The potassium (K) 
results adhered to the assumptions of the ANOVA for samples collected during base 
flow only. Site LL0 contains stream water with a significantly higher [K] than sites 
LL6 and LLWL (F (2, 22) = 10.98, p < 0.001) (Figure 17).   
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Figure 17. Steam site LL0 has a significantly higher mean [K] than stream sites LL6 and 
LLWL.  Error bars represent +/-1 SD. 
 
 
Samples collected during base and high flow conditions were used for 
magnesium (Mg) concentration comparisons between sites LL0, LL6, and LLWL.  
The mean [Mg] is considerably variant between sites for both base- (F (2, 22) = 42.55, 
p < 0.0001) and high- (F (2,15) = 48.77, p < 0.0001) flow conditions (Figure 11).  
High-flow [Mg] at each site were in the order of site LL0 and LL6 > LLWL, and for 
base-flow in the order of site LL0 > LL6 > LLWL (Figure 18).  Therefore, for both 
conditions, site LLWL had the lowest [Mg] (Figure 18).  The range in [Mg] across all 
sites irrespective of season or stream Q was 1,200 to 10,700 ppb. 
Across all sites and irrespective of flow condition and seasonality, [Ca] ranged 
from 4,500 to 22,500 ppb.  The calcium results mirror those of the Mg results.  
Samples collected during high- (F (2, 15) = 28.07, p <0.0001) and base- (F (2, 22) = 
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64.71, p < 0.0001) flow demonstrate significant differences among the three sites 
(Figure 19).  Samples isolated based on high-flow stream conditions demonstrate 
that LL6 and LL0 > LLWL in respect to [Ca].  Those isolated based on base-flow 
stream conditions are in the mean [Ca] order of LL0 > LL6 > LLWL.   
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Figure 18.  Magnesium means and one-standard deviations display significant difference 
between sites during high-flow (left) and base-flow (right) conditions.  Site LLWL 
consistently has a lower [Mg] than the other two sites. 
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Figure 19.  Calcium ion means and one-standard deviations display significant difference 
between sites during high-flow (left) and base-flow (right) conditions.  Site LLWL 
consistently has a lower Ca concentration than the other two sites. 
 
Comparing across all the stream conditions for strontium (Sr), a significant 
variance among the seven sites is highlighted (F (6, 116) = 47.69, p < 0.0001), which 
ranged in [Sr] from 26 – 117 ppb (Figure 20a).  The strontium concentration at each 
site are in the order of LL7 > LL5 > LL6, LL8, LL4, LL0 > LLWL.  In other words, 
site LL7 has a greater [Sr] than any of the other sites.  The [Sr] of site LL5 is greater 
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than all of the other sites, except LL7, and site LLWL has the lowest [Sr] of the 
sites.   
Stream samples collected during high- (F (2, 15) = 12.86, p < 0.001) and base- 
(F (2, 22) = 12.79, p < 0.001) flow exhibit a significant variance among the [Sr] for 
sites LL0, LL6, and LLWL with site LLWL having the lowest [Sr] for both conditions 
(Figure 20b and b).  Specifically, the high-flow [Sr] for the sites is in the order of site 
LL6 and LL0 > site LLWL (Figure 20b), and for base-flow, in the order of LL6 > LL0 
and LLWL (Figure 20c). The results of the [Sr] once again display that the cation 
concentration at site LLWL is lower than the other sites. 
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Figure 20.  Strontium ion means and error bars (+/- 1SD) for all data (a), for high-flow (b), 
and base-flow (c) stream conditions.  Based on all data results, site LL7 has the greatest [Sr], 
whereas LLWL has the lowest.  Likewise, site LLWL has the lowest [Sr] for both flow 
conditions. 
 
Ranges of [Si] were 5,600 – 16,600 ppb across all sites.  Silica is the only 
major ion measured in the stream samples that was anomalous to the pattern of site 
LLWL possessing the lowest cation concentrations (Figure 21).  Considering samples 
across all conditions and sites, [Si] is significantly different between the sites (F (6, 
116) = 3.73, p < 0.01) (Figure 21a).  The mean [Si] at each site are in the order of LL4 
> LL8, LL7, and LL0.  Comparing only samples collected during the growing season 
for [Si], the ANOVA is significant (F (6,101) = 3.52, p < 0.01), and the [Si] for each 
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site are in the order of site LL4 > sites LL7, LL8, and LL0 (Figure 21b).  During 
high- and base-flow conditions, there also exists variance in the [Si] among the three 
sites with discharge data (F (2, 15) = 4.26, p = 0.03 and F (2, 22) = 9.31, p < 0.01 for 
high- and base-flows, respectively) (Figures 21c and 21d).  Despite a significant 
ANOVA for high flow data, the REGWQ procedure placed sites LL0, LL6, and LLWL 
within the same group.  For base flow data, the [Si] of each site is in the order of 
sites LL6 and LLWL > site LL0. 
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Figure 21. The [Si] means and error bars of +/- 1 SD illustrate site LL0 as overwhelmingly 
having the lowest mean [Si] out of all sites considered. 
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Stream Chemistry Correlations 
THg-related Correlations 
The [THg] – [DOC] regression of all four storm events at site LL0 resulted in 
a weak positive correlation (r2 = 0.19, p = 0.002) (Table 2, Figure 22).  In contrast to 
storm event samples from site LL0, samples collected bi-weekly from all seven sites 
display a weakly negative [THg]-[DOC] correlation (r2 = 0.05, p = 0.033) (Table 2), 
and data are bunched in two groups (Figure 23).   
A few correlations were determined between [THg] and water chemistry data 
for samples collected bi-weekly from all sites.  The water chemistry variables that 
moderately-to-strongly correlated with [THg] include pH, TPM, FI, and S280-320nm.   
Some of the correlations existed when all data were considered, while others were 
pertinent to seasonality or site location.  In some instances, the strong correlations 
were both site specific and seasonally specific.  Flow conditions were not separated 
because the amount of THg samples measured during base-flow was minimal.  
Non-growing season samples showed a negative correlation between [THg] 
and pH (r2 = 0.15, p = 0.042) and [THg]/[DOC] and pH (r2 = 0.20, p = 0.016) (Table 
4).  Across all sites, all data and growing-season data display a moderately strong 
and negative correlation between TPM and [THg]/[DOC] (r2 = 0.18, p < 0.001 and 
0.33, p < 0.001 for all data and growing-season data, respectively) (Tables 2 & 3).  
The non-growing season regression of [THg] v. TPM results in a non-significant 
negative correlation (r2 = 0.01, p = 0.58) (Table 4).  Interestingly, when four outliers, 
which occur during higher Q, are excluded, the regression of the non-growing season 
[THg] and TPM becomes strongly positive (r2 = 0.62, p < 0.001) (Table 4), which may 
relate to source pathways. 
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Figure 22.  Data from all four storm events at site LL0 demonstrate a weak positive 
correlation between [THg] and [DOC] with an r2 of 0.19. 
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Figure 23. A weak negative correlation (r2 = 0.05) is displayed between bi-weekly [THg] and 
[DOC] data from all seven sites.  Notice the samples appear split into two separate groups – 
one oriented in a negative direction and the other in a positive direction. 
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Optical properties, such as S280-320nm and FI, showed a strongly negative 
correlation with [THg] under certain conditions.  Pooling across all sites and all 
data, the overall correlation between FI and [THg] was weakly negative (r2 = 0.09, p 
= 0.006); however, site specifically, site LL7 had a strong negative correlation (r2 = 
0.59, p = 0.004) (Tables 2 & 7).  Across all samples collected at all sites during the 
growing season, [THg] and FI negatively correlated (r2 = 0.14, p = 0.005) (Table 3).  
Samples collected during the non-growing season did not display a correlation 
between [THg] and FI, but a relatively strong negative correlation was determined 
between another optical property during the non-growing season – S230-320nm (r2 = 
0.49, p < 0 .001 for [THg] and r2 = 0.40, p < 0.001 for [THg]/[DOC]) (Table 4).  A final 
stream parameter, Q, exhibited a weakly negative correlation with [THg] (r2 = 0.05), 
pooling across all sites and seasons; however the correlation was not significant (p = 
0.22). 
 
DOC-related Correlations 
In addition to the major potential relationship between THg and DOC, 
correlations between [DOC] and water chemistry variables exist, such as the 
correlation between [DOC] and [TPM] (Table 2).  Considering all of the DOC and 
TPM data across season, flow condition, and location, [DOC] positively correlated 
with [TPM] (r2 = 0.47, p < 0.001) (Table 2).  When the sites were treated 
individually, [DOC] and [TPM] strongly and positively correlated with one another 
(r2= 0.81, 0.73, 0.58, 0.70, and 0.60 for sites LL0, LL4, LL5, LL6, and LL7, 
respectively; all p-values < 0.001) (Table 6), except for sites LL8 and LLWL, which 
had weak positive correlations. 
  
 
4
3
 
Table 2. Correlations of various parameters across all sites, seasons, and flow conditions are reported.  The top line of each parameter is the 
correlation coefficient, the middle line is the number of samples included in the regression, and the bottom line is the p-value.  Entries in 
parentheses are those for which specific outliers were not included in the regression (see text for details). 
 
 
DOCSE DOC Q TPM pH 
a320/ 
DOC 
FI S280-320 Ca Mg 
Spec. 
Cond. 
THgSE 0.19 (0.62) --- ns ns ns ns ns ns 0.16 0.16 --- 
 48 (42)        47 47  
 0.002 (<0.001)        0.005 0.005  
THg --- 0.05(0.37) ns  ns ns 0.09 ns 0.16 0.19 0.14 
  83 (58)     84  57 57 86 
  0.033 (<0.001)     0.006  0.002 <0.001 <0.001 
DOCSE --- --- ns 0.30 n/a --- 0.18 ns 0.61 0.52 --- 
    47   48  47 47  
    <0.001   0.003  <0.001 <0.001  
DOC --- --- 0.16 0.47 0.03 --- ns 0.02 ns ns ns 
   77 265 259   285    
   <0.001 <0.001 0.005   0.015    
THg/ --- --- ns 0.18 ns --- ns 0.06 0.11 0.10 0.15 
DOC    84    83 55 55 77 
    <0.001    0.033 0.014 0.017 <0.001 
Q   --- ns ns ns ns ns ns ns ns 
            
            
TPM    --- ns 0.04 0.04 0.06 ns 0.04 0.02 
      264 264 263  116 262 
      <0.001 <0.001 <0.001  0.025 0.011 
pH     --- 0.04 ns ns 0.18 0.23 0.09 
      258   116 116 268 
      0.001   <0.001 <0.001 <0.001 
a320/      --- ns 0.33 0.04 ns 0.03 
DOC        285 121  259 
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        <0.001 0.026  0.007 
FI       --- 0.02 0.35 0.23 0.25 
        282 121 121 259 
        0.019 <0.001 <0.001 <0.001 
S280-320        --- 0.12 0.04 0.08 
         121 121 258 
         <0.001 0.032 <0.001 
Ca         --- 0.84 0.83 
          123 116 
          <0.001 <0.001 
Mg          --- 0.65 
           116 
           <0.001 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
4
5
 
Table 3.  Correlations of various parameters including only growing-season data are reported.  The top line of each parameter is the 
correlation coefficient, the middle line is the number of samples included in the regression, and the bottom line is the p-value. Entries in 
parentheses are those for which specific outliers were not included in the regression (see text for details).  
 DOCG QG TPMG pHG a320/DOCG FIG S280-320 G CaG MgG Spec. Cond.G 
THgG 0.15 (0.31) ns 0.07 ns ns 0.14 ns 0.16 0.19 0.14 
 56 (30)  64   55  56 56 57 
 0.004 (0.001)  0.032   0.005  0.002 <0.001 0.004 
DOCG --- 0.23 0.44 0.13 --- ns ns ns ns ns 
  61 176 176       
  <0.001 <0.001 <0.001       
THg/DOCG --- ns 0.33 ns --- ns ns 0.11 0.10 0.15 
   55     54 54 48 
   <0.001     0.016 0.017 0.007 
QG  --- ns ns 0.15 ns 0.08 ns ns ns 
     60  59    
     0.002  0.028    
TPMG   --- 0.07 ns 0.08 ns ns 0.06 0.24 
    178  175   101 177 
    <0.001  <0.001   0.12 0.001 
pHG    --- ns 0.03 ns 0.18 0.22 0.08 
      175  101 101 184 
      0.016  <0.001 <0.001 <0.001 
a320/DOCG     --- ns 0.23 ns ns ns 
       187    
       <0.001    
FIG      --- 0.03 0.38 0.24 0.36 
       186 106 106 174 
       0.014 <0.001 <0.001 <0.001 
S280-320 G       --- 0.06 ns ns 
        106   
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        0.009   
CaG        --- 0.84 0.82 
         108 101 
         <0.001 <0.001 
MgG         ---- 0.62 
          101 
          <0.001 
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Table 4.  Correlations of various parameters across all sites including only growing-season 
data are reported.  The top line of each parameter is the correlation coefficient, the middle 
line is the number of samples included in the regression, and the bottom line is the p-value.  
Entries in parentheses are those for which specific outliers were not included in the 
regression (see text for details). 
 DOCNG QNG TPMNG pHNG a320/ 
DOCNG 
FING S280-320 NG Spec. Cond.NG 
THgNG 0.005 0.54 0.01 (0.62) 0.15 ns ns 0.5 0.16 
 28 8 28 (24) 28   27 28 
 0.709 0.037 0.58 (<0.001) 0.042   <0.001 0.033 
DOCNG --- ns 0.06 0.05 --- ns 0.4 ns 
   88 82   27  
   0.23 0.035   <0.001  
THgNG/ --- 0.53 0.01 0.2 --- ns 0.40 0.15 
DOC  8 28 28   27 28 
  0.040 0.651 0.016   <0.001 0.040 
QNG  --- ns ns ns ns ns ns 
         
         
TPMNG 
 
 --- ns ns ns ns ns 
 
 
       
 
 
       
pHNG 
 
  --- 0.07 ns 0.07 0.09 
 
 
   81  81 82 
 
 
   0.014  0.019 0.006 
a320/     --- ns 0.18 ns 
DOCNG       97  
       <0.001  
FING      --- ns 0.10 
        83 
        0.004 
S280-320 NG       --- 0.21 
        82 
        <0.001 
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Table 5.  Regressions of various parameters for samples collected across all sites during either high-flow or base-flow stream conditions.  
The top line of each parameter is the correlation coefficient, the middle line is the number of samples included in the regression, and the 
bottom line is the p-value.  Entries in parentheses are those for which specific outliers were not included in the regression (see text for 
details). 
 DOCHF DOCBF TPMHF TPMBF FIHF FIBF CaHF CaBF MgHF         MgBF 
THgHF 0.02 (0.35) --- ns --- ns --- ns --- ns --- 
 20 (14)          
 0.056 (0.026)          
THgBF 
 
--- 0.33(0.15) 
6 (5) 
0.237 (0.525) 
--- ns --- ns --- ns --- ns 
DOCHF --- --- 0.74 --- 0.20 --- ns --- ns --- 
   30  33      
   <0.001  0.01      
DOCBF  --- --- 0.12 --- ns --- ns --- ns 
    43       
    0.026       
TPMHF 
 
  --- --- ns --- ns --- ns --- 
           
TPMBF 
 
 
   --- --- ns --- ns --- ns 
FIHF     --- --- 0.29 --- 0.34 --- 
       17  17  
       0.025  0.013  
FIBF      --- --- 0.53 --- 0.49 
        25  25 
        <0.001  <0.001 
CaHF       --- --- 0.95 --- 
         18  
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         <0.001  
CaBF        --- --- 0.96 
          25 
          <0.001 
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Table 6. Site specific correlations between various parameters and DOC under many conditions including samples collected across seasons 
and flow conditions (ALL), during the growing season (G), during the non-growing season (NG), and during high-flow stream conditions 
(HF).  The top line of each parameter is the correlation coefficient, the middle line is the number of samples included in the regression, and 
the bottom line is the p-value (those in bold indicate significance at the 0.05 level).  Entries in parentheses are those for which specific 
outliers were not included in the regression (see text for details). 
 
 
THg v DOC DOC v TPM DOC v Q DOC v pH 
  SITE  ALL ALL G NG ALL G NG HF NG HF 
    LL0  0.13 (0.30) 0.81 0.8 ns 0.27 0.4 0.46  ns ns 
12 (8) 39 26  34 24 10    
0.248 (0.164) <0.001 <0.001  0.002 <0.001 0.032    
LL4 0.51 (0.44) 0.86 0.72 ns --- --- ---  ns --- 
13 (9) 38 25        
0.460 (0.030) <0.001 <0.001        
LL5 0.13 (0.49) 0.58 0.59 ns --- --- ---  ns --- 
12 (8) 39 26        
0.241 (0.054) <0.001 <0.001        
LL6 0.17 (0.13) 0.70 0.7 ns 0.62 0.61 --- 0.56 ns 0.55 
12 (8) 37 25  14 12  9  8 
0.186 (0.391) <0.001 <0.001  <0.001 0.003  0.02  0.037 
LL7 0.11 (0.47) ns 0.65 0.35 --- --- --- --- 0.38 --- 
12 (8)  25 12     11  
0.291 (0.059)  <0.001 0.042     0.043  
LL8 0.08 (0.70) ns 0.26 ns --- --- --- --- ns --- 
11 (8)  24        
0.385 (0.009)  0.012        
LLWL 0.06 (0.53) ns ns ns 0.45 0.43 ns 0.83 ns ns 
11 (8)    29 25  8   
0.486 (0.042)    <0.001 <0.001  0.002   
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Table 7. Site specific correlations between various parameters under many conditions including samples collected across seasons and flow 
conditions (ALL), during the growing season (G), during the non-growing season (NG), and during high-flow stream conditions (HF).  The 
top line of each parameter is the correlation coefficient, the middle line is the number of samples included in the regression, and the bottom 
line is the p-value (those in bold indicate significance at the 0.05 level). 
 Spec. Cond. v Q TPM v Q FI v Mg a320/DOC v pH FI v THg 
SITE ALL G NG HF NG G ALL      ALL 
LL0 0.38 ns 0.43 0.33 0.53 0.37 ns  ns 
33  10 15 10 16    
<0.001  0.039 0.025 0.016 0.012    
LL4 --- --- --- --- --- 0.43 ns  ns 
     14    
     0.011    
LL5 --- --- --- --- --- 0.35 ns  ns 
     16    
     0.017    
LL6 0.37 0.66 ns 0.71 --- 0.44 ns  ns 
14 11  8  16    
0.022 0.002  0.008  0.005    
LL7 --- --- --- --- --- 0.53 0.11  0.59 
     15 37  12 
     0.002 0.044  0.004 
LL8 --- --- --- --- --- ns 0.04 (0.22)   
      37 (36)  ns 
      0.267 (0.004)   
LLWL ns ns ns ns ns ns ns  ns 
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Growing season results of [DOC] and [TPM] were very similar to the results 
of all the data; considering all sites [DOC] correlated strongly with [TPM] in the 
positive direction (r2 = 0.44, p <0.001) (Table 2), and the [DOC] and [TPM] 
correlations were even stronger when the sites were considered separately (r2 = 0.80, 
0.72, 0.59, 0.70, and 0.65 for sites LL0, LL4, LL5, LL6, and LL7, respectively; all p-
values < 0.001) (Table 6), except for sites LL8 and LLWL.  
For the non-growing season a strong correlation between [DOC] and [TPM] 
does not exist when lumping all of the sites together; however, individually site LL7 
exhibited a moderate positive correlation between [DOC] and [TPM] (r2 = 0.35, p < 
0.042) (Table 6).  The only flow condition for which a strong correlation between 
[DOC] and [TPM] exists is high-flow, during which [DOC] demonstrates a solid 
correlation with [TPM] (r2= 0.74, p < 0.001) for all three sites together (Table 5).  
In addition to [TPM], dissolved organic carbon positively correlated with 
discharge.  The only [DOC]-Q positive correlation across all of the sites was shown 
when the growing season data was isolated, which has a moderate r2 of 0.23 and p -
value of <0.001 (Table 3).  Most of the correlations were site specific.  The [DOC]-[Q] 
correlation is demonstrated when considering all data for the individual sites of LL0, 
LL6, and LLWL (r2 = 0.27, p = 0.002; r2 = 0.62, p = 0.001 and r2 = 0.45, p = 0.001  
respectively) (Table 6).  Individual sites that illustrated the [DOC]-Q relationship 
during the growing season were sites LL0 (r2 = 0.40, p < 0.001), LL6 (r2 = 0.61, p = 
0.003), and LLWL (r2 = 0.43, p < 0.001) (Table 6).  Non-growing season data 
highlight site LL0 as the only individual site where [DOC] and Q strongly correlate 
(r2 = 0.46, p = 0.032) (Table 6).  Sites LL6 and LLWL express the positive correlation 
between [DOC] and Q (r2 = 0.56, p = 0.02 and 0.83, p = 0.002 for sites LL6 and 
LLWL, respectively) during high-flow conditions (Table 5). 
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Results of samples collected during the non-growing season show that at site 
LL7 there is a weak positive relationship between pH and [DOC] (r2 = 28); however, 
the correlation is not significant (p = 0.096).  The opposite trend is exhibited at site 
LL6 at high flow with [DOC] negatively correlating with pH (r2 = 0.55, p = 0.037) 
(Table 6).  A negative correlation between [DOC] and [Mg] exists during high-flow 
conditions at site LL6 (r2 = 0.56, p = 0.054), so that as [DOC] increases during storm 
or flood events, the Mg concentration decreases.  
Subsidiary Water Chemistry Correlations 
The correlations of water chemistry analytes, which may support the main 
relationship between THg and DOC, were also investigated.  These subsidiary 
relationships include correlations between factors such as TPM, pH, Q, as well as 
some optical properties.  Correlations of the factors for all data were examined, as 
well as for data isolated based on season and flow condition.  Out of all of the factors 
measured, very few demonstrated strong correlation with one another; however, 
some correlations were relatively strong.  Despite the strong positive correlations 
between [DOC] and [TPM] and between [DOC] and Q detailed above, discharge and 
[TPM] did not generally correlate.  The only condition and site for which Q and 
[TPM] displayed a moderately strong positive correlation was for the non-growing 
season at site LL0 (r2 = 0.53, p = 0.016) (Table 7). 
The pH of stream water was expected to negatively correlate with DOC or 
DOC-specific absorbance due to pH altering DOC in acidic conditions.  On the 
contrary, the results show weak evidence for such a relationship in the streams 
measured.  Across seasons and flow conditions, pH was positively correlated with 
specific-DOC absorbance at sites LL7 (r2 = 0.59, p = 0.044) and at site LL8 (r2 = 0.22, 
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p = 0.004) (Table 7), if one outlier is excluded, demonstrating that at site LL8, 
different types of DOC exists at varying pH levels. 
Whether all data or across season and flow condition, specific conductivity 
positively correlates with discharge.  When all results are considered, the specific 
conductivity and Q regression for sites LL0 and LL6 display negative correlations (r2 
= 0.38, p < 0.001 and r2 = 0.37, p = 0.022, respectively for sites LL0 and LL6) (Table 
2).  During the growing season, the results of LL6 support the negative correlation 
between specific conductivity and Q (r2 = 0.66, p = 0.002) (Table 3).  During the non-
growing season site LL0 supports the positive trend (r2 = 0.43, p = 0.039) (Table 4).  
The strongest relationship between Q and specific conductivity occurs at site LL6 
during high-flow conditions (r2 = 0.71, p = 0.008), and to a lesser extent at site LL0 
(r2 = 0.33, p = 0.025) (Table 7). 
Some of the optical properties of the stream water expressed a relationship 
between magnesium and calcium.  For instance, FI positively corresponded to [Mg] 
for samples collected at all sites throughout the study period (r2 = 0.23, p < 0.001) 
(Table 2).  The relationship was somewhat stronger during base-flow (r2 = 0.49, p < 
0.001) (Table 5) than during the growing-season (r2 = 0.24, p < 0.001) (Table 3); 
however, some of the samples collected during the growing season at the individual 
sites approached r2 values close to the pooled data from all sites during base-flow 
(growing season r2 = 0.37, 0.35, 0.44, and 0.53 and p = 0.012, 0.017, 0.005, 0.002 for 
sites LL0, LL5, LL6, and LL7, respectively) (Table 7). 
FI and [Ca] show a weak-to-moderate positive correlation for samples 
collected during high-flow across all sites (r2 = 0.29, p = 0.025) (Table 5), and 
individually site LL6 demonstrated the strongest correlation with r2 of 0.44, but the 
correlation is not significant (p = 0.106).  FI and [Mg] demonstrate a moderate 
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correlation (r2 = 0.34, p = 0.013) for samples across all sites during high-flow stream 
conditions (Table 5). 
Storm Hydrographs with Time-lapse of Analytes 
 Timing of rain and hydrographs for each of the four major storms captured 
demonstrates that the stream at site LL0 responds quickly to precipitation, with 
peaks in stream discharge occurring within a few hours of rainfall. The largest 
storm event included in the study was SE9, which contained two consecutive storms 
with maximum discharges of 8 and 180 m3/s and rainfall of 70mm and 86mm, 
respectively.  Storm events SE3 and SE8 produced similar peak stream discharges 
near 1m3/s, despite more intense precipitation amounting to 42mm during SE8 than 
the 28mm that fell during SE3.  The smallest storm captured was SE10, which 
displayed a peak discharge of under 0.5m3/s and produced 15mm of rain. 
Cations such as [Mg], [Ca], [Na], and [Ca]/[Sr] reveal the response of 
groundwater to streams during storms.  Magnesium and calcium ion concentrations 
declined as the stream flow rose for all storm events, except during SE10, for which 
[Mg] and [Ca] dipped before and after maximum Q and increased during maximum 
Q (Figure 24).  As SE10 subsided, the [Ca] leapt to a concentration above the initial 
concentration before the storm began (Figure 24, top right).  The [Na] and ratio of 
[Ca]/[Sr] responded in a similar manner to [Mg] and [Ca], decreasing during peak Q 
(Figure 25).  Again, SE10 was an aberration with stagnant [Na] while [Ca]/[Sr] 
increased instead of decreased during the hydrograph peak.  Similar to [Mg] and 
[Ca], [Na] rose to a value higher than the initial base-flow value as SE8 ended. 
Stream water optical properties varied over the course of the storms (Figure 26).  
Major increases in not only [DOC] but also absorption per unit DOC occurred at  
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maximum Q for all four storms.  Values of FI ranged from 1.44 to 1.56 across all 
storm events, demonstrating an overall terrestrial signature.  During all four storm 
events, FI increased slightly before Q increased, and FI lowered to a stronger 
terrestrial signal during maximum Q (Figure 26).  An exception to this overall trend 
is SE10, for which the FI began to follow the pattern with a slight increase during 
precipitation before Q increased, but diverged from the overall pattern by remaining 
relatively stagnant over the rest of the storm (Figure 26,  bottom right).  Spectral 
slopes from 280-320nm were multiplied by -100 for graphing purposes.  The drop in 
S280-320nm * - 100 during peak Q is evident in all storm events, except SE8.  S280-320nm *- 
100 increased during the peak Q of SE8. 
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Figure 24.  Concentrations of Mg (white diamond) and Ca (filled diamond) are closely linked 
with decreases during hydrograph peaks for all storms except SE10 (bottom right). 
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Figure 25.  Concentrations of Na (filled diamond) and the ratios of [Ca]/[Sr] (white squares) 
decrease during hydrograph peaks for all storm events, except SE10 (bottom right).  
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Figure 26. Optical properties of the stream demonstrate that absorption per unit DOC 
(downward triangles), FI (upward triangles), and S280-320nm (larger, dotted triangles) vary over 
the course of all storms. The S280-320nm values have been multiplied by negative 100 for 
graphical purposes. 
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The range of [THg] during all four storms was 0.5 ng/L from SE8 and SE10 to 
10.6 ng/L during SE9.  Total mercury concentration followed a similar pattern for 
SE3, 8, and 9 (Figure 27).  A small [THg] peak coincided with rainfall, followed by a 
decrease during the hydrograph peak.  Once the hydrograph subsided, the [THg] 
increased to its highest concentration over the storm, and then slowly declined while 
it returned to base-flow conditions.  The same pattern holds for SE9, except after the 
second round of precipitation, [THg] increased to its highest concentration (Figure 
27, bottom left).  The fourth major storm captured, SE10, is an exception to the 
overall [THg] pattern.  The total mercury concentration began to act as the others, 
with a slight increase in [THg] coinciding with main precipitation of the storm; 
however, anomalous in the 4th storm is that instead of the [THg] decreasing during 
peak Q like the other storms, [THg] increased with Q in SE10 (Figure 27, bottom 
right).  
The highest [DOC] of 7.5 ppm was measured from SE9, followed by SE8 with 
peak [DOC] of 5.3 ppm.  During all four storms, [DOC] followed Q more closely than 
[THg] (Figure 27).  As the rain fell on the watersheds, [DOC] remained relatively 
constant and low.  Then as the lag between rain and Q closed and Q increased, 
[DOC] also increased.  The [DOC] peaked near but after the Q peaked in each storm, 
and for storms SE3 and SE8, [DOC] delayed its return to base-flow conditions.  After 
the second incident of rainfall during SE9, [DOC] appears to peak before Q; 
however, due to the timing of sampling, a stream sample was not taken during the 
peak in the hydrograph after the second rainfall event in SE9 (Figure 27, bottom 
left). 
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Figure 27.  During hydrograph peaks, [THg] (larger, light-gray circles) and [DOC] (smaller 
filled circles) follow opposing trends with [THg] falling while [DOC] rises to its highest 
concentrations of the storm.  As with other variables, SE10 (bottom right) is an exception to 
the opposing [THg] – [DOC] trend displayed in the other storm events. 
 
 
The total mercury concentration per unit dissolved organic carbon responded 
in a similar manner to [THg] (Figure 28).  Normalizing by [DOC] causes the initial 
[THg] increase, which coincided with the major precipitation of each storm, to be 
more prominent.  In fact, the largest [THg]/[DOC] peak occurred during the 
precipitation event instead of after the Q peak in SE3 and the first part of SE9 
(Figure 28). 
Total particulate matter concentration is closely linked to Q (Figure 29).  The 
apparent early TPM peak in the second portion of SE9 is due to the sampling time, 
as explained above (Figure 29, bottom left).  TPM responded to the decrease in Q 
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following the hydrograph peak sooner than [DOC] did.  Before the hydrograph peak 
for each storm, TPM and [DOC] responded in a similar fashion; after the peak, 
[DOC] remained elevated longer than TPM.  Despite the difference in response-
times between TPM and [DOC], they exhibit a closer fit than [DOC] and [THg] do 
(Figure 29). 
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Figure 28. Normalized by [DOC], [THg] per unit DOC responds in a similar manner to [THg].  
The initial increase in concentration that occurs with precipitation is more prominent for 
[THg]/[DOC] than the increase is for [THg] alone.  SE10 (bottom right) remains aberrant in 
its [THg]/[DOC] course over the storm event. 
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Figure 29.  [DOC] (circles) and [TPM] (filled squares) demonstrate a similar trend to Q over  
the four storm events.   [TPM] responds sooner to changes in stream Q than [DOC] does. 
 
 
The emergence of potassium into the stream may represent a source of 
throughfall to the stream.  Mercury, which is deposited onto leaf surfaces from the 
atmosphere, may also represent this source; however, there is not a consistent 
pattern between [K] and [THg] among the four storm events (Figure 30).  During all 
storms, maximum [K] occurred either with the greatest Q (SE3 and SE9) or after 
peak Q (SE8 and SE10).  As stated above, [THg] experienced a small increase before 
maximum Q, decreased to base-flow values during maximum Q, and increased to 
maximum concentration as Q returned to base-flow conditions.  The exception is 
SE10, for which [THg] and Q peaked together, and [K] was highest approximately 8 
hours after the hydrograph peak (Figure 30, bottom right). 
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Figure 30. The [K] response is unique in each storm event with maximum concentrations 
during, directly after, and several hours after peak hydrographs.  A clear pattern between 
[THg] (light-gray circle in Figure 38) and [K] (filled diamond) is not apparent for most of the 
storm events.  After the hydrograph peak of SE8 (top right), [THg] and [K] are at their 
maximums; however, during the hydrograph peak, [K] increased as [THg] decreased.   
 
Hysteresis Loops 
Sodium 
 There is a weak counter-clockwise pattern of [Na] hysteresis at LL0 during 
the storm events captured from July to October, 2010.  The [Na] is slightly lower on 
all or portions of the rising limb and higher on the descending limb of the 
hydrograph for storms SE3, SE8, and SE10, creating a nearly linear hysteresis for 
these storm events (Figure 31).  For SE8 [Na] fluctuates and rises before stream Q 
increases, decreases during the hydrograph peak, and increases on the falling limb 
of the hydrograph before returning to base-flow concentrations (Figure 31, top right).  
SE9 exhibits two strong counter clockwise patterns, whereas SE3, SE8, and SE10 
show weak directionality. 
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Figure 31.  The [Na]/Q hysteresis loops for the four storm events display an overall counter-
clockwise direction.  The hysteresis loops for SE3 and SE8 (top) are nearly linear, with a 
narrow range of [Na]. The largest range and concentrations of Na was displayed during SE8.  
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Figure 32. The [K]/Q hysteresis loops of the four storm events show an overall counter-
clockwise direction, except for SE3, which is clockwise. 
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Potassium 
The majority of the [K]/Q hysteresis loops follow a counter-clockwise 
direction, despite the narrow and linear shape of many loops (Figure 32). The 
counter-clockwise hysteresis is most pronounced during the larger storms of SE8 
and SE9.  These two storms also had higher [K] than SE3 and SE10.  The two 
storms that represent SE9 illustrate that the first storm follows a counter-clockwise 
hysteresis with the rising limb [K] being lower than the falling limb [K] of the 
hydrograph.  The counter-clockwise patterns in not as lucid for SE10 (Figure 32, 
bottom right).  Storm 3 is an exception to the counter-clockwise hysteresis with [K] 
being initially higher on the falling limb rather than the rising limb of the 
hydrograph, resulting in a clockwise hysteresis (Figure 32, top left).   
Total Mercury 
   [THg] ranges for SE3, SE8, and SE10 were relatively consistent between 0.5 
and 4ng/L.  SE9 had the highest [THg] and the largest [THg] range between 0.5 and 
10.6ng/L.  The direction of [THg]/Q hysteresis loops were not as clear as some of the 
loops of the other variables.  The direction of SE3, SE8, and SE9 most closely 
resembles a counter-clockwise direction, whereas no consistent direction can be 
determined for SE10 (Figure 33).  SE9 is really two storms, each with a counter-
clockwise direction so that the hysteresis shows one counter-clockwise loop inside of 
another (Figure 33, bottom left).  Although there was not one extremely dominant 
direction for all storms hysteresis, all storms represented were consistent in showing 
an initial [THg] before Q increased, followed by a decline in [THg] as Q peaked 
(Figure 33).  Once Q peaked and began to decline, [THg] rose again before it 
returned, along with Q, to base-flow conditions and concentrations.   
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Figure 33. Although not a clear as some of the other hysteresis loops, [THg]/Q hysteresis 
loops are predominantly counter-clockwise for SE3, SE8, and SE9 and indistinguishable for 
SE3.  The complex course taken by [THg]/Q in SE9 is simplified with arrows labeled 
chronologically.  SE9 is also simplified after the first two arrows as two counter-clockwise 
loops for each storm within SE9. 
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Dissolved Organic Carbon 
All storms considered (SE3, SE8, SE9, and SE10) follow a counter-clockwise 
[DOC]/Q hysteresis for at least part of the storm (Figure 34).  Storms 8 and 10 
display an over-whelming counter-clockwise hysteresis, and SE8 is counter-
clockwise until the loop “crosses” itself as Q declines.  The largest storm captured, 
SE9, which is actually two, separate events, is unique in that the first storm of SE9 
is counter-clockwise, and the second storm of SE9 switches direction to become 
clockwise.  There is a delay in both the Q and [DOC] increase at the beginning of 
SE8.  A similar hysteresis is seen with SE3, except at the end of the falling limb of 
the hydrograph, the [DOC] falls back to base-flow concentrations faster than what 
the [DOC] rose on the climbing limb of the hydrograph (this results in the curve 
“crossing” itself).  The highest [DOC] of nearly 8ppm occurs during SE9.  All of the 
other storms have ranges of [DOC] from approximately 2ppm to 4 or 5 ppm. 
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Figure 34.  [DOC]/Q hysteresis are similar to [THg]-per-unit-DOC/Q hysteresis loops in 
Figure 5.  All storms display an overall counter-clockwise hysteresis, except for the second 
storm in SE9 (bottom left), which follows a clock-wise direction with higher [DOC] on the 
rising limb than on the falling limb of the hydrograph. 
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Discussion 
THg and DOC – Concentration, yields, and flux comparison to other studies  
The [THg] measured from LLW are similar to other published concentrations.  
Ranges and concentrations for other aqueous systems include 1.2 – 12ng/L for the 
Scioto River tributaries in Ohio (Lyons et al., 2006); up to 76ng/L in one study of the 
Sleeper’s River watershed in Vermont and from 0.6 – 94ng/L in another at the same 
location (Dittman et al., 2010 and Schuster et al., 2008, respectively); 0.5 – 4.4ng/L 
across 15 lakes in Wisconsin (Watras et al., 1998); from 0.5 – 11.8 ng/L for streams 
in the Adirondacks of New York (Selvendiran et al., 2008); a max of 5.1 ng/L and a 
median of 1.2ng/L for streams in Acadia National Park, Maine (Peckenham et al., 
2007); 0.7 – 6.9 ng/L for streams flowing through a Swedish boreal forest (Regnell et 
al., 2009); and FTHg concentrations were within 0.1 – 10 ng/L for a wide spatial 
variation of streams from Florida, Wisconsin, and Oregon (Brigham et al., 2009). 
The highest THg concentrations measured at Sleeper’s River watershed, VT, which 
are some of the highest concentrations found in natural environments, are about 10x 
higher than THg concentrations measured in this study, and most of the other 
studies have similar [THg] ranges to the LLW study.    
In regard to THg fluxes, a range of 67 – 78 gHg/yr in streams within a 
Swedish boreal forest was reported (Regnell et al., 2009), and 0.7 – 36.1 kgHg/yr  
across 12 sites and a total of 85 kgHg/yr was reported for the an entire Northern 
Ohio watershed (Fitzgibbon et al., 2008).  The LLW THg flux range of <0.25 – 
27.7g/yr or <2.5x10-4 – 0.03kg/yr demonstrates that the THg fluxes measured from 
the LLW are lower than those reported in other studies.  The flux calculation does 
not take into account watershed size, and the catchments studied in the LLW are 
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smaller than the catchments in the Regnell et al. (2009) and Fitzgibbon et al. (2008) 
studies, which explains the lower fluxes reported in the LLW.   
On the other hand, THg yields take into account watershed size.  Total Hg 
yields from LLW, which range from <0.2 - 4.0µg/m2/yr or <5.0 - 12.7ng/km2/s across 
streams (Figure 7), are within range of other published THg yields.  Other studies 
have reported yields of 1.6 – 6.5 µg/m2/yr (Dittman et al., 2010); 0.9 – 4.36 µg/m2/yr 
(Brigham et al., 2009); 2.3 µg/m2/yr (Selvendiran et al., 2008); and 37 – 56 ng/km2/s 
for [DHg] and 8-22 ng/km2/s for [PHg] (Lyons et al., 2006).  
 The [DOC] in the automated-sampler-collected storm event samples at site 
LL0 ranged from 0.7 – 7.5 mg/L (Figures 22 & 27), and the [DOC] in the bi-weekly 
grab samples across all seven sites had a similar range from 0.7 – 8.3 mg/L (Figure 
10).  The [DOC] measured from the LLW are comparable to other streams and lakes 
along the mid-to upper northeastern US that have reported [DOC] ranges of 4.7 – 
8.9ppm (Lyons et al., 2006), 2 – 20ppm (Driscoll et al., 1995), and 0.5 – 18.7ppm with 
a median of 2.5ppm (Peckenham et al., 2007).  Likewise, the DOC yields calculated 
for the LLW of 0.5 – 4.6 gDOC/m2/yr with a mean range of 1.1 – 3.1 g/DOC/m2/yr 
(Figure 6) are within range of DOC yields reported from other studies in the 
northeastern US.  Examples of such previously reported DOC yields are 3.5 – 8.2 
gC/m2/yr (Dittman et al., 2010) and 3.3 – 4.3 gC/m2/11months (Selvendiran et al., 
2008) and 0.63 – 1.24 gC/m2/3months for the Rocky Mountains (Pacific et al., 2010). 
Based on the THg flux, most of the 130-140g of mercury deposited onto the 
LLW annually remains in the watershed.  As little as 0% and up to 20% of the 
mercury atmospherically deposited to LLW is exported via the Little Lehigh Creek 
at site LL0. 
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THg and DOC flux and yields – Spatial and Stream Discharge Variations 
Although similar trends are found between DOC and THg flux and yield 
means, statistically, they do not follow the same trends.  For example, site LLWL 
had the lowest mean THg and DOC fluxes for both base- and elevated flow (Figures 
6 and 7); however, only the DOC fluxes, and not the THg fluxes, at site LLWL were 
statistically lower.  Furthermore, the THg mean yield pattern follows the mean DOC 
yield pattern even more closely than fluxes with site LL6 > LLWL > LL0 with 
respect to mean DOC yields, with the exception of high-flow for DOC when the mean 
DOC yields at site LLWL and LL0 are nearly identical; however, when scrutinized 
further, no significant variation in THg yield existed under any condition, and site 
LL0 only had the significantly lowest DOC yield during base-flow conditions.  Site 
LL6 had the significantly highest DOC yield during base-flow only.  Previous studies 
associated land use type with THg export.  The THg yields have been lower in 
forested catchments (Dittman et al., 2010; Selvendiran et al., 2008) compared to the 
ones with more urbanization (Lyons et al., 2006), which implies that catchments 
with less urbanization, like LLWL, have lower THg yields.  In fact, Lyons et al. 
(2006) measured higher yields from urbanized catchments compared to forested and 
agriculturally-used ones.  Based on previous studies, site LL0 would be expected to 
have the greatest THg and DOC fluxes for two reasons.  Site LL0 is the largest 
watershed and has the highest percentage of agricultural and suburban land within 
its borders, as well as the lowest percentage of forest cover.  Site LL0 yields would be 
expected to be highest because of the latter (land use type) reason.  The lack of THg 
yield variation among the sites does not support land use type controlling THg 
export.  Many of the THg flux and yield results were limited by the data, especially 
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for site LL6, for which only one value is represented.  The results would be more 
meaningful with additional THg and Q data.  
On the other hand, high- and base-flow fluxes being lower at site LLWL 
support forested catchments exporting less DOC than agricultural and forested land.  
Site LLWL is the smallest sub-catchment measured for DOC flux, meaning that the 
results may be an artifact watershed size.  In fact, when normalized by watershed 
area, site LL0 has the lowest DOC yield during base-flow and site LL6 has the 
highest DOC yield.  Perhaps not only the percentage of agricultural land, but also 
the proximity to a large patch of agricultural land controls DOC yields.  Although 
site LLWL has the highest percentage of agricultural land out of the three sites, site 
LLWL is also within proximity of pasture.  Site LL6 has the second highest 
percentage of agricultural land (17)% and the stream site is within a large patch of 
agricultural fields.  Additionally, during high-flow, site LL6 has the highest 
fluorescence per unit DOC, meaning that the type of DOC present in sub-catchment 
LL6 may have a greater ability to bind THg than the DOC that exists in sub-
catchments LL0 and LLWL. 
 A general scientific consensus has accepted the idea that most THg is flushed 
to streams during flooding and storm events (Dittman et al., 2010; Schuster et al., 
2008; Selvendiran et al., 2008).  Contrary to popular hydgrogeochmical opinion the 
results of this study show that there is not a significant difference in the amount of 
THg transported from the watersheds during base-flow compared to elevated stream 
conditions (Figures 6 & 7). Despite the mean fluxes and yields generally being lower 
at high-flow, overall significantly more DOC per day is transported from the LLW 
during high-flow than during base-flow. The higher export of DOC during base-flow 
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is not explained by the response of DOC to the hydrograph, as DOC increases with 
the hydrograph peak (Figures 27 & 29). 
THg and DOC Concentrations – Seasonal and Spatial Variation 
 Statistically, variation in [DOC] and [THg] was explored across all seven 
sites.  Site LLWL stands out as having one of the lower [DOC], but it does not for 
[THg].  Across all sites, despite sites LL8 and LLWL having the highest mean [THg], 
there was not a significant variation in [THg] among the seven stream sites (Figure 
8).  On the other hand, [DOC] was significantly higher at LL4 than at LL8 across all 
seasons and flow conditions (Figure 10).  Some studies have found [THg] and [DOC] 
variations, whereas others have not, and this may be due to the type of watersheds 
included in each study.  Out of four remote sites in the northeast US, one was found 
to have high [THg] up to 76ng/L, but [THg] at most sites were lower and not 
statistically variant (Dittman et al., 2010).  Streams within Acadia National Park, 
Maine, did not have [THg] nor [DOC] variation when comparing sites by season or 
base-flow (Peckenham et al., 2007).  A study that did find a significant variance 
between [THg] at two sites may have occurred because one site was historically 
contaminated with Hg; the same study did not find [DOC] differences between the 
two sites (Regnell et al., 2009).   
 Based on principal component and hierarchical cluster analyses, Fitzpatrick 
et al. (2007) found that [DOC] corresponded to forested areas rather than urban and 
agricultural sites; however, further cluster analyses were inconsistent with which 
land use type [DOC] corresponded.  Site LL4, with the highest [DOC], is not more 
forested than site LL8.  The exact opposite trend of that in Fitzpatrick et al. (2007) is 
found with LL4 being 75% agricultural and LL8 being 84% agricultural.  Instead, in 
this study, percent agricultural land appears to be a better indication of [DOC].  The 
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data support the extent of agricultural land use type within the watershed most 
strongly and significantly explains spatial [DOC] variations within the study site.  
Sub-catchments that are 0 – 10% agricultural have significantly lower [DOC] than 
sites that are above 40% agricultural (i.e., sites LL8 and LLWL < LL7 in regard to 
[DOC]).  Therefore, the LLW results indicate that the lower the percentage of 
agriculture in a watershed, the lower [DOC], so that [DOC] is most closely linked to 
the extent of agricultural activity in the LLW. 
 Not only does site LL7 have the highest [DOC] and sites LL8 and LLWL have 
the lowest [DOC], but the stream optical properties also follow this trend.  The 
specific-DOC a320nm was significantly higher at sites LL7 and LL0 compared to LL8, 
and specific-DOC a320nm was significantly higher for sites with 20-30% and over 40% 
agricultural land use (sites LL0 and LL7) than for sites with less than 10% 
agricultural land use (sites LL8 and LLWL).  The maximum fluorescence per unit 
DOC  (max. Fl/DOC) reveals a similar scenario with site LL7 having a significantly 
higher max. Fl/DOC than site LL8 and, for some conditions, site LLWL also.  In 
addition, the higher max. Fl/DOC occurs at the site with the most agricultural land 
(over 40% at site LL7) compared to site LL0, with 20-30% agricultural land use type, 
and the lowest max. Fl/DOC is found at sites with less than 10% agricultural 
activity (sites LL8 and LLWL).  The last optical property examined is S280-320nm, and 
yet again, site LL7 comes out on top as having the highest humic content, or the 
lowest S280-320nm.  Coincidentally, site LL7 also has the highest percentage of 
agricultural land use within its catchment (over 40%).  All three DOC optical 
properties are revealing similar trends:  site LL7 and sometimes site LL0 have DOC 
with higher optical properties (be it absorbance, fluorescence, or humic content) than 
sites LL8 and LLWL, and the trend is attributable to higher DOC optical properties 
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corresponding to more agricultural land use within each watershed.  Not only does 
higher [DOC] correspond to higher agricultural activity, but the DOC optical 
property results illustrate that the type of DOC changes with different land use 
type.  Although statistically no variation was found between the sites in regard to 
THg due to greater within-site variability compared to among-site variability, the 
THg means were highest at sites LL8 and LLWL and lowest at sites LL7 and LL0.  
This means that sites with lower humicity and absorbance and fluorescence 
potentially correspond to sites with higher [THg] or that [THg] is higher in streams 
within forested areas compared to other land use types.  This could be an indication 
that dry deposition onto leaf surfaces as a source of THg in throughfall causes 
increased [THg] in streams more so than agricultural and suburban landscapes.  
Another possible indication is that a mercury source exists higher in the watershed, 
which, incidentally, is where most of the forested areas of LLW stand.  
In contrast to the optical properties, TPM was highest at site LLWL, which 
has the lowest percentage of agricultural land use type.  This result may be an 
artifact of a farm in close proximity to the site.  In fact, cattle were witnessed to 
stand directly in the stream a few yards upstream from where samples were 
collected.  In addition, LLWL is one of the smallest streams in the study, being one 
of the highest in the watershed.  The high TPM found at site LLWL may be due to a 
combination of disturbance from the cows and stream bottom being so close to 
stream surface.  What is interesting is that the highest mean [THg] (although not 
statistically) were from sites LL8 and LLWL, which are the same sites with the 
statistically highest TPM.  Although in the present study a distinction was not made 
between PTHg and DTHg when measuring THg, it is possible that at sites LL8 and 
LLWL, the majority of THg is in the particulate form compared to the other sites.   
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The lack of statistical [THg] spatial variation in this study is not wholly 
surprising given that most Hg is atmospherically derived as either wet or dry 
deposition, and that the deposition rate should not vary spatially across the size of 
small watershed like LLW.  Furthermore, although the sub-watersheds each had a 
different percentage of forest, agriculture, and suburbs, there were no urban areas, 
and the highest percentage of each sub-watershed was forest (greater than 50% for 
each).  Urban landscapes are expected to have higher [THg] due to Hg in wet and 
dry deposition running off impervious urban surfaces directly into streams. Without 
urban land and large variation in the percentage of forest, agriculture, and 
suburban land use types, the ecosystems and hydrological systems in each of the 
sub-watersheds were not different enough to cause significantly different 
concentrations of THg in the streams flowing through them.  The LLW results 
reinforce the idea that the quantity of Hg entering an ecosystem (via atmospheric 
deposition in this case) determines the [THg] able to be exported from a watershed, 
but ecosystem properties like land use determine how much of the Hg deposited to a 
watershed and potentially available for export actually enters streams and is 
exported from the watershed (Brigham et al., 2009). 
In addition to spatial variations, seasonal variations were explored in LLW.  
A seasonal variation did not exist for [THg], and [DOC] was statistically higher in 
the growing season compared to the non-growing season (Figure 9).  Unlike the LLW 
study, previous studies have found [DHg] and [THg] to be higher during the growing 
season, and similar to the LLW study, found more DOC in streams during the 
growing season (Dittman et al., 2010; Selvendiran et al., 2007).  In contrast a study 
in Acadia National Park, Maine, found streams did not vary seasonally with respect 
to [THg] or [DOC], although the presence of wetlands may have obscured the 
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seasonal signature (Peckenham et al., 2007).  The increased stream [DOC] in the 
LLW can be attributed to the growth and production of organic materials and an 
increased source for litter decay and leaching of DOC into soils.  Less than 1% of 
LLW is wetlands (Belmont, 2009), and so the increased [DOC] during the growing 
season is expressed. 
Fluxes of GEM, RGM and PTHg have been found to increase during the 
northern hemisphere winter from Hg adsorption to the increased production of soot 
from coal-fired power plants (Han et al., 2004).  GEM fluxes were measured in an 
uncontaminated meadow in Shenandoah National Park, VA, and determined GEM 
deposition was greatest during the spring time when young plants are more efficient 
at scavenging Hg (Converse et al., 2010).  In addition, [DOC] was higher during the 
growing season, providing an effective transport mechanism (DOC) for the larger 
quantities of THg theoretically being deposited on land.  Given this information, the 
LLW sites would be expected to have greater [THg] during the winter or spring. 
On the other hand, [THg] did not significantly vary seasonally.  A few factors 
may explain why a seasonal [THg] was not found in the LLW.  First, the samples 
were grouped in to growing and non-growing seasons, so that spring concentrations 
are mixed with summer and early fall concentrations, which may dampen any 
spring increase in [THg].  Secondly, the Converse et al. (2010) study measured GEM, 
when it is possible that there may be a higher deposition of particulate or ionic 
(Hg2+, Hg(II), RGM) at the LLW.  Lastly, urban landscapes are not present in the 
LLW to cause an increased [THg] in local streams, even if the two closest coal-fired 
power plants (~25 miles away) supplied increased [THg] to the watershed. 
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Subsidiary Chemistry – Spatial Statistical Variations 
 Statistically, sites LL6, LL4, and LL0 are more basic than sites LL8 and 
LLWL, which had the lowest mean pH values (Figure 14).  The pH results follow 
closely to the geology underlying each sub-catchment.  Catchments LL6 and LL0 
have the highest percentage of dolomite (12% and 4%, respectively) (Table 1, Figure 
4), which causes a rise in pH.  Furthermore, not only is there more dolomite within 
these watersheds, but the stream sites where samples were collected were within 
close proximity to the dolomite source.  Land use type increased acidity for sites LL8 
and LLWL, which have the greatest forest coverage (84% and 92%, respectively) and 
the lowest agricultural land use percentages (6% and 5%, respectively).  Forested 
areas indicate more plant decomposition and soils with higher acidity; the lower the 
agricultural activity, the decreased use of liming and other farming methods that 
raise the pH of soils for crop production. 
 Fitzpatrick et al. (2007), measured major cations and trace elements in grab 
samples taken during base-flow from streams of the Muskegon River watershed, 
which has a composition of urban, agricultural, and forested land use.  They found 
Na, Mg, K, Ca, Si and Sr concentrations to be higher in agriculture and urban sites 
than in forested sites.  Ca, Mg, and Si were higher in agricultural sites than urban 
sites. 
 The LLW [Na] range of 2.4 – 12.2 ppm (Figure 16) is similar to the means of 
8.6 and 4.4 ppm for agricultural and forested land determined by Fitzpatrick et al. 
(2007).  Out of the LL0 sites for each sub-catchment, site LL6 had the highest [Na] 
during base-flow, and during high-flow, site LL6 had a higher [Na] than site LLWL.  
Fitzpatrick et al. (2007) found that [Na] is higher in urban landscapes, followed by 
agricultural land, and the lowest Na was measured from forested sites.  Site LL6 is 
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described as having 11% of its land devoted to suburban, 17% to agriculture, and 
75% to forest, whereas site LLWL is only 3% suburban, 5% agricultural, and 92% 
forest (Table 1).  Thus, it seems that because site LL6 has a higher percentage of 
land designated as both suburban and agriculture than site LLWL, site LL6 has a 
higher [Na], irrespective of flow condition.  What remains perplexing is that site 
LL0, which has a lower [Na] during base-flow, has a slightly more land committed to 
suburbia (13%) and agriculture (21%), compared to site LL6 (Table 1).  Despite this 
discrepancy, sites LL0 and LL6 have similar percentages of land designated as 
agricultural and suburban, and this similarity explains why at high-flow one is not 
statistically higher in [Na] than the other. 
 The LLW site means were within the Fitzpatrick et al. (2007) range from ~1 
– 2.5 ppm.  During base-flow, the [K] was higher at site LL0 than at sites LL6 and 
LLWL.  The ordering of the sites in regard to [K] parallels that of Fitzpatrick et al. 
(2007) and other studies that have found [K] is higher in catchments with more 
urbanization and agriculture compared to forested catchments.  Site LL0 has the 
most land designated as suburban (13%) and agriculture (21%), and the least as 
forested (66%) out of the three catchments.  Site LL0 had the highest [K], indicating 
geology is not a large source of K to the LLW.  Instead, fertilizers are most likely the 
major source of K to the stream. 
 Irrespective of flow condition, site LLWL has the lowest [Mg], which is in 
agreement with the Fitzpatrick et al. (2007) finding that agricultural land 
corresponds to the highest [Mg].  Site LLWL has the lowest percentage of land 
designated as agricultural (5%) (Table 1) compared to sites LL6 (17%) and LL0 
(21%).  Again, during high-flow the distinction in [Mg] between LL0 and LL6 is 
obscured, despite different percentages of land used for agriculture.  In addition to 
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land use type, geology may partially control [Mg] at each site.  Sites LL0 and LL6, 
which have a considerable percentage of dolomite (12% and 4%, respectively) within 
their catchments as well as within close proximity to each site (Figure 4, Table 1), 
have greater [Mg] than site LLWL, which does not contain measurable dolomite 
within its catchment.  For the same reason as with Mg, the sites are arranged in the 
same order with respect to [Ca] due to the percentage of agriculture (more ag. = 
higher Ca), and the results are most pronounced during base-flow.  
 Based on all sites irrespective of flow or season, the LLW sites are in the 
order of LL7 > LL5 > LL6, LL8, LL4, LL0 > LLWL in regard to [Sr] (Figure 20).  Site 
LL7, with the highest [Sr], has the second highest percentage of suburban land 
(14%), behind LL4 (15%).  Site LLWL has the lowest percentage of suburban (3%), 
along with the highest percentage of forest (92%).  Suburban land use can explain 
why LLWL has the lowest [Sr] and why LL7 and LL5 have higher [Sr] than the 
other sites.  For both base- and high- flow, LLWL again has the lowest [Sr], which 
agrees with LLWL having the lowest percentage of suburban land (3%).  This 
finding may caused by the location of the suburban areas, which are generally in the 
lowlands or valleys and underlain by carbonate rocks rich in Sr.  Mean [Sr] at 
forested sites was 68ppb and at urban sites was 152 ppb in the Muskegon River 
watershed, indicating Sr is associated with urban sites (Fitzpatrick et al., 2007). 
 The LLW base-flow data exhibit that sites LLWL and LL6, which have 92% 
and 72% of land devoted to forest, respectively, have higher [Si] than site LL0, which 
is only 66% forested land.  All data and base-flow data results are the exact opposite 
of the Fitzpatrick et al. (2007) findings.  Fitzpatrick et al. (2007) also found that [Si] 
corresponded to agricultural activity, in which case our data again do not support 
this because site LL0 has more agricultural land use by percentage (21%), compared 
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to sites LL6 (17%) and LLWL (5%); however, site LLWL was in close proximity to 
agricultural land.  In fact, cows were often witnessed to stand directly in the stream 
directly above where samples were collected.  Perhaps this closeness to agricultural 
activity swayed the results.   
 Another possibility is that [Si] responds more to geology than to land use 
type.  Many of the rock types, except dolomite, are siliceous.  Sandstone is the 
hardest to weather and the gneisses may be easier; however, a clear geologic and [Si] 
pattern was not determined.  A study in Hawaiian soils determined that the flux of 
Si to streams was not due to direct mineral-water reactions but rather through the 
biogenic pool that involves plants taking up large amounts of silica from soil and 
recycling it back as leaf litter (Derry et al., 2005).  Based on these findings, the 
reason for watershed LL4 with 75% forest cover to have higher [Si] than sites LL4 
(47% forest cover) and site LL0 (66% forest cover) is due to increased [Si] from the 
recycled biogenic pool in the forest.  Whether the Hawaiian study with basaltic 
derived soil can be applied to an eastern US ecosystem or not is debatable without 
further empirical support. 
DOC and THg Correlation 
The [THg] v. [DOC] correlation for storm events at site LL0 with a correlation 
coefficient of 0.19 (Figure 22) and the bi-weekly correlation across all sites 
irrespective of season or flow condition with a correlation coefficient of 0.05 (Figure 
23) are much weaker correlations than other published correlations.  Most of the 
published correlations are oriented in a positive direction, which is similar to the 
[THg]-[DOC] regression for storm events at site LL0, and dissimilar to the bi-weekly 
correlation at all sites, which was oriented in a negative direction.  A majority of 
studies have found positive and strong correlations between non-methylated 
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mercury species and organic carbon species with a range of correlation coefficients 
between 0.35 – 0.91 in streams and 0.79 – 0.83 in lakes (Brigham et al., 2009; 
Dittman et al., 2007; Peckenham et al., 2007; Regnell et al., 2009; Schuster et al., 
2008; Selvendiran et al., 2008 for streams and Driscoll et al., 1995 and Watras et al., 
1998 for lakes 
On closer inspection, many of the outliers are samples with [THg] that during 
the storm events unexpectedly decreased at the same that discharge and [DOC] 
reached their maxima (Figure 35).  The samples with unexpected low [THg] during 
high or peak discharge and [DOC] are the 6th and 7th samples collected during storm 
event 3 (SE3 B6 and SE3 B7), the 9th bottle collected during storm event 8 (SE8 B9), 
and the 7th, 8th, and 10th samples collected during storm event 9 (SE9 B7, SE9 B8, 
and SE9 B10) (Figures 35 and 36).  If these outliers (and only these outliers) were 
excluded from the [THg] – [DOC] regression, the r2 would rise from a minor 0.19 
(Figure 22) to 0.62 (p < 0.001) (Figure 37, Table 2), which is in the range of Hg and 
DOC regressions of published values.  Of course, data cannot simply be disregarded; 
however, temporarily “eliminating” these outliers demonstrates that under certain 
conditions, the relationship between DOC and THg is strong, but under other 
conditions, the relationship dissolves.  In other words, [DOC] explains 62% of the 
variability in [THg] until an unknown factor changes, whereupon [DOC] explains 
only 19% of the variability in [THg].  Regnell et al. (2009) also found DOC and THg 
to have “divergent behavior” that was intensified during high-flow storm events.  
The apparent schism in the data may be an artifact of collecting, preserving, and 
measuring THg during storm events when the organic matter content and TPM 
concentrations increase enough to inhibit BrCl preservation of THg in the samples.   
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Figure 35.  Total mercury data were taken from the four storm events at LL0.  The 
hydrographs are solid, black filled bars represent rain, and light-gray circles represent [THg] 
over the duration of the storms.  Stream samples with low [THg] during hydrograph peaks 
are circled.  None are circled in the SE10 hydrograph (bottom right). 
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Figure 36.  The [THg] results that are circled are the same samples circled in Figure 46.  The 
[THg] in these samples simultaneously decreased during the hydrograph peak.  The samples 
are labeled for the associated storm and the chronology of the sample in the storm. 
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Figure 37.  When the [THg] samples with low concentrations during the hydrograph peak 
are excluded, which are shown in Figures 46 and 47, the positive correlation between [THg] 
and [DOC] becomes stronger with r2 increasing from 0.19 to 0.62. 
  
The bi-weekly data across the seven sites monitored demonstrate an even 
weaker Hg-DOC correlation (Figure 23) than the storm event samples at site LL0.  
On closer inspection, the data appear to be bunched in two different directions – a 
strongly positive direction and a weakly negative direction.  The grab samples 
responsible for the negative direction were collected from all sites during the dates 
July 10 (SE3), July 14, September 28 (SE8), and September 30 (SE9), 2010 (Figure 
38).  All of these samples were collected during storm events when the water table 
was lower and dry conditions generally prevailed (summer to early fall 2010) and 
had low [THg] at times of high [DOC].  When the data from the grab samples on 
these dates (except LL8 September 30) are not included in the bi-weekly DOC-THg 
regression, the weak negative correlation (r2 = 0.05) changes to a moderately-strong 
positive correlation with an r2 of 0.37 (p < 0.001) (Figure 39).   
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Figure 38.  Grab samples collected on July 10, July 14, September 28, and September 29, 
2010, are enclosed in the box and circle above.  These samples were collected during larger 
storm events that occurred during overall dry periods. 
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Figure 39.  The bi-weekly grab sample [THg]-[DOC] correlation becomes stronger (r2 = 0.37) 
when summer to early fall grab samples collected during high-intensity rain events are not 
included.   
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The phenomenon cannot be attributed to the size of storm or stream 
discharge alone, as a storm on May 3, 2010 was similar in intensity and Q to some of 
the storms highlighted in Figure 49, yet was characterized by having high [THg] 
with high [DOC].  Also the reason for the grouping cannot be due to seasonality 
alone, as samples collected in mid-June were also measured for THg and form part 
of the positive DOC-THg regression.  Therefore, the different responses appear to 
occur due to both antecedent moisture conditions and size of storm.  In other words, 
[DOC] and [THg] are positively correlated under some conditions, but the 
relationship is weakened when large storms occur after prolonged dry conditions or 
when the water table is lower due to a combination of less precipitation and higher 
rates of evaporation in the summer to early fall.  The September 30 – October 2, 
2010 storm event (SE9) marks the transition from a low to a higher water table.  
Grab samples from the seven sites were not collected during the last storm event 
(SE10 in mid-October), when the water table was higher again after the pro-longed 
dry conditions of summer.  If these data were available, the data would be expected 
to contribute to the positive correlation of the total [THg]-[DOC] regression, 
especially since THg and DOC corresponded to one another (Figure 27 bottom right).  
Also interesting is that, other than the grab sample collected at LL8 on 9-30-2010, 
the samples collected on the same day regardless of location were grouped closely 
together on the THg-DOC bi-weekly data regression (Figures 23 and 38), indicating 
that land use type does not considerably alter the THg-DOC relationship.  On the 
other hand, when outliers from the four dates mentioned above are excluded, only 
three sites have a significant THg-DOC correlation (Table 6).  These three sites are 
LL4, LL8, and LLWL, all of which have the highest percentages of forest land use 
(Table 1).   
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Subsidiary Chemistry Correlations  
 Experimentally, decreased pH causes DOC to ineffectively bind Hg due to 
Hg experiencing increased competition with hydrogen ions for DOC.  Driscoll et al. 
(1995) found that pH decreases in streams weakly correlated to increases in [THg].  
The LLW results support the previous findings that decreases in pH correlate to 
increases in stream [THg] as well as stream [THg]/[DOC] (Table 2).  The negative 
correlation between pH and [THg] and [THg]/[DOC] implies that a shift to a water 
source with lower pH occurs, and the water source has increased THg and DOC.  
THg is more strongly bound to DOC in the LLW streams or else the THg-pH 
correlation is simply an auto-correlation between THg and water source.  Another 
aspect of the pH-THg and pH-THg/DOC correlation to consider is that the range of 
pH in our stream ranged from 6 to 7.5, which indicates that the pH was not low 
enough to inhibit Hg and DOC complexation.  Stream pH did not strongly correlate 
in either direction between any of the stream optical properties.  Correlations 
between pH and [DOC] were site-specific, stream condition-specific, seasonally-
specific, as well as in opposite directions.  During the non-growing season, the pH-
[DOC] correlation at site LL7 was weakly positive, whereas at site LL6 during 
elevated stream conditions, there was a moderately strong negative correlation 
between the two (Table 4).  Possibly by autocorrelation, DOC and Mg also negatively 
correlated at site LL6 during elevated Q only (Table 5).  The negative correlations at 
site LL6 indicate that as pH decreases, [DOC] actually increases, which supports an 
increased input of a lower-pH and increased [DOC] source (like a soil), especially as 
this correlation is exemplified during high-flow.  This also supports the pH-THg and 
pH-THg/DOC trends are not happening due to inhibition of DOC to bind with Hg, 
but rather a change in stream water source. 
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 More ancillary chemistry parameters with which either [THg] or 
[THg]/[DOC] negatively correlated were optical properties, including the FI and S280-
320nm.  Changes in S280-320nm and FI can indicate a change in DOC source to the 
stream.  The FI-[THg] correlation occurred in samples collected at site LL7 across all 
seasons and during the growing season across all seven sites (Table 7).  These 
correlations indicate that as the DOC in the stream becomes more terrestrial, the 
[THg] increases, demonstrating that the source of [THg] slightly shifts to a more 
terrestrial source with elevated [THg].  The results support the existence of a 
terrestrial pool of THg instead of direct stream interception of wet deposition.  In 
addition to FI, S280-320nm also negatively correlates to [THg] across all sites and to 
[THg]/[DOC] during the non-growing season (Tables 2 & 4).  The negative 
correlation illustrates that as S decreases, THg and THg/DOC increase.  In other 
words, the higher the humic content of the stream, the higher the THg and 
THg/DOC.  This implies that, like the FI-THg-regression, a shift in water source to 
increased humic content in higher soil horizons leads to increased THg and 
THg/DOC in the stream.  In other NE streams, a strong positive correlation with a 
correlation coefficient of 0.92 was found between another DOC optical property - 
DOC-specific a254nm (SUVA)- and [DHg] (Dittman et al., 2010). 
 Unlike other studies that found a moderate to strong correlation between 
inorganic mercury and Q (Dittman et al., 2010; Brigham et al., 2009), [THg] did not 
correlate to Q in any condition or location.  Variable sources with a range of 
concentrations during similar stream discharges explain the lack of THg-Q 
correlation.  Stream discharge correlated with [DOC] in a positive direction across 
the three sites with Q data during the non-growing season (Figure 30).  As with a 
study in the NE with the [DOC]-Q regression being site specific with r2 of 0.14 – 0.35 
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(Dittman et al., 2010), the positive DOC-Q correlations were even stronger site-
specifically during many temporal and flow conditions with correlation coefficients 
ranging from 0.27 – 0.83 (Table 6).  The DOC-Q correlation is well represented in 
the LLW across seasons, location, and stream discharge level.  Our data strongly 
support that [DOC] corresponds to Q, and that the DOC pool transport to the stream 
is not as complicated or divergent as the transport of THg to the stream. 
 Unlike the ubiquitous Q-DOC relationship, the correlation between TPM 
and Q is limited to site LL0 during the non-growing season (Table 4).  The cause of 
the correlation occurring during the non-growing season may demonstrate that OF, 
which is often expressed as TPM, is a larger contribution (chemically and 
volumetrically) to the stream hydrograph during the non-growing season, which 
includes spring snowmelt. Schuster et al. (2008) measured [THg] during snowmelt 
and witnessed OF that formed as a result of the frozen ground decreasing soil 
percolation while the snow melted.  They found that the bottom of the snowpack 
melted, bringing water high in THg from leaf litter and the organic soil horizon that 
had high [THg] stored from dry deposition before the snow accumulated. The 
inclusion of snowmelt events at site LL0 during the non-growing season explains 
TPM and Q correlation. 
 Moderate to strong correlation coefficients are exhibited between 
[THg]/[DOC] and [TPM] across all sites under several conditions (Tables 2, 3, & 4).  
All data and growing-season correlations are in negative directions, where as the 
non-growing season data show increased TPM increasing THg/DOC.  Other studies 
have reported moderate positive regressions between [PHg] and total suspended 
solids [TSS] (r2 = 0.31, Regnell et al., 2009) and [THg] and [TSS] when most [THg] 
was particulate (Fitzgibbon et al., 2008).  The LLW data support sources with 
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different [TPM] dominating during the growing season than during the non-growing 
season. 
 The opposing trends are due to deeper vs. shallower flow paths and Q during 
different seasons.  Again, the results of overland flow being significant during 
snowmelt (Schuster et al., 2008), agrees with the non-growing season having not 
only the strongest, but also the positive correlation between THg/DOC and TPM, 
excluding the four outliers.  These four outliers represent the highest Q conditions, 
which may have been collected peak snowmelt.  Schuster et al. (2008) reported that 
Q peaked after TPM because of the lag between Q and TPM peaks during episodes of 
the largest melt. Overland flow occurs in greater quantity during the non-growing 
season with snow-melt and frozen soils inhibiting percolation through the soil.  The 
negative correlation over the entire year and the growing season indicate that as 
TPM increases, THg/DOC decreases, meaning DOC and TPM may have similar 
sources, but THg has a different source than DOC and TPM for at least part of the 
growing season.   
 At most sites, strong positive regressions occur between DOC and TPM 
across many conditions (Tables 2, 3, and 4).  DOC and TPM concentrations increases 
together, while THg does not increase with either during the growing season. This 
causes the THg-DOC ratio to decrease with increasing TPM, which demonstrates 
that DOC and TPM have similar sources throughout the year, but at times during 
the growing season, the THg source diverges from the DOC and TPM source.  
During the non-growing season, the positive THg/DOC-TPM correlation illustrates 
that overland flow and shallow flow paths are taken during snowmelt. 
 Just as THg and FI were negatively correlated, Mg and Ca positively 
correlated with FI (Table 2).  As Mg or Ca increases, the stream water is becoming 
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more autochthonous (more derived from in-stream microbial decay than from 
terrestrial sources). As Mg or Ca increases, which means base-flow is occurring with 
more groundwater input, the DOC source has a diminished terrestrial source.  When 
THg increases, the FI indicates the stream water has a terrestrial source, so that 
during high-flow with more terrestrial-originating water, THg increases.  Therefore, 
the source of THg is not from groundwater.  
 A final ancillary chemistry parameter also indicates that groundwater (at 
least chemically if not volumetrically) dominates during base-flow but not during 
high-flow events.  Specific conductivity is higher in groundwater, which has high 
solute levels due to dissolution and long contact time of the surrounding geology and 
minerals in the bedrock and lower soil horizons.  This explains the negative 
relationship between specific conductivity and Q during many stream conditions at 
sites LL0 and LL6 (Table 7).  The site-specific nature may involve the type of 
bedrock material being easier to dissolve at sites LL0 and LL6, which contain the 
highest percentage of dolomite, a relatively soft rock type, within their catchments.    
 Overall, the regressions demonstrate that the source with the highest 
concentration of an analyte dominates the stream hydrograph chemically (but not 
necessarily volumetrically).  Overland flow becomes more important during the non-
growing season, when snowmelt is frequent, and is less important chemically to the 
stream during the growing season as the ground thaws and allows increased 
percolation of soil water.  TPM, DOC, and THg appear to have more similar sources 
during the non-growing season, but THg source diverges at times from the others 
during the growing season.  The pH values indicate that a shift to decreased pH 
(higher acidity) corresponds to increased [THg] and [THg]/[DOC], and possibly 
shallow soil pathways with increased acidity from plant decomposition.  The pH and 
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DOC correlation is not as apparent, which may mean that the DOC pool may be 
physically wider or deeper in the soil horizon than the THg pool.  Overall, for DOC, 
during high-flow, sources are higher soil horizons no matter the season, but for THg, 
the THg source appears to be shallow pathways; during the non-growing season the 
THg source is not as clear.  Although the regressions may indicate relationships 
between THg and DOC and other parameters, hysteresis loops and storm 
hydrographs, along with samples collected over the duration of the storm event, 
reveal more about flow paths than regressions alone. 
Hysteresis Loops 
 Evans and Davies (1998) assumed that the dominating water source during 
a storm event chronologically follows the order of (1) GW, (2) direct interception and 
overland flow (surface event water or SE), (3) shallow soil water flow (SW), and (4) 
GW, and that the dominating water source controls stream analyte concentrations.  
Based on this assumption of water source sequence, shapes and direction of 
hysteresis loops revealed which water source had the highest concentration of each 
analyte (Evans and Davies, 1998).  At site LL0 Hg in TF, SW, GW was not 
measured.  Therefore it is difficult to determine flow paths based on stream water 
measurements alone, and to make any assertions, the relative THg, DOC, and major 
cation concentrations are assumed to be in the same order as in other studies.   
 Potassium has been linked to TF via foliar leaching and wash-off of dry 
deposition (Schlesinger, 1997). Thus, K was assumed to be highest in TF 
(Schlesinger, 1997), high in soils (Elsenbeew et al., 1996), and lowest in GW.  
Sodium was assumed to be highest in GW (Hogan and Blum, 2003). The main pools 
of Hg are TF from wash-off of dry deposition from leaf surfaces (Rea et al., 2002) and 
the organic soil horizons, especially the OA horizon, which has been measured as 
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being 1-4cm in a deciduous forest (Demers et al., 2007).  If there is a lack of canopy 
cover, the ground surface may be a source of THg also, depending on how much is 
emitted back to the atmosphere as Hg(0) due to photoreduction, surface 
temperatures, and re-volatilization of Hg (Obrist et al., 2005).  The THg and optical 
property regressions (Table 2) indicate that direct interception is not as important a 
source as soils are in the LLW.  DOC is expected to have higher concentrations 
throughout the soil horizons, but the highest [DOC] is expected to be in the litter 
layer and the lowest in GW (Trumbore et al., 1992).  If the hysteresis loops do not 
follow one of the typical patterns, it is possible that the chronology of source water is 
not in the order outlined above. 
 Streams in the Adirondacks and Pennsylvania have displayed 
predominantly clockwise Na and K hysteresis loops (Evans and Davies, 1998). For 
Na the CCW direction and shape (Figure 31) may indicate that GW has the highest 
Na concentration, followed by SW, and then followed by SE (Evan and Davies, 1998).  
Whether soil or surface water has a higher [Na] is not known, meaning the assumed 
order of dominance cannot be refuted or accepted other than that GW emerges first.  
The K/Q hysteresis loop of SE3 (Figure 32, top left) is similar to the K/Q hysteresis 
loops determined by Evans and Davies (1998).  The clockwise K direction for SE3 
indicates that [K] is highest in the SE, is lower in SW, and is lowest in GW.  The 
shape and direction of the hysteresis agrees with the assumption that [K] is highest 
in TF (a portion of SE) at site LL0, and agrees with the assumed emergence of water 
sources to the stream (in the order of GW, SE, SW¸GW).  All of the other storm 
events follow a counter-clockwise direction (Figure 32).   
 The THg hysteresis loops do not show any strong trends, but overall they are 
counter-clockwise (Figure 33).  The CCW direction and shapes of the THg and 
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THg/DOC hysteresis loops for SE3 and SE8 indicate that [THg] for the sources are 
in the order of GW > SW > SE, which does not agree with the suspected [THg] to be 
lowest in GW and highest in SW or TF.  The THg and THg/DOC hysteresis loops 
indicate a mixing of sources that does not support the idea of sequential source of 
water to the stream to be from GW to SE to SW to GW.   
 The DOC hysteresis loops for site LL0 follow a counter-clockwise direction 
and there is not an evident shape, except for SE8 (Figure 34).  The shape of SE8 
indicates that the concentration of DOC of SW is greater than that of SE, which is in 
turn greater than the DOC concentration in the GW.  DOC hysteresis loops of the 
nearby Northampton watershed were in a clockwise direction (Haight, 2007).  
Without measuring the DOC in the separate soil horizons and leaf litter, the DOC 
loops cannot reveal the relevance of the assumed water source chronology at site 
LL0.  Therefore, although a few of the hysteresis loops support that, at least 
chemically, groundwater first dominates the stream during a storm event, followed 
by direct interception and overland flow, followed by shallow surface water, and 
lastly a return to groundwater dominance, most either do not or support this order 
or the hysteresis loops alone cannot not determine the order. 
 Although the hysteresis loops do not provide a clear and simple sequence of 
water source emergence to the stream during the storm event, the loops reveal other 
information.  Dry antecedent conditions have been shown to cause a decrease in 
[Na], whereas wet antecedent conditions cause the [Na] to stabilize (Biron et al., 
1999).  Instead, the Na, K, and DOC hysteresis loops of SE9 demonstrate the 
flushing effect.  All of these analytes follow a CCW direction during the first part of 
SE9, but after the soils are flushed of these parameters during the first part, the 
analytes follow a CW direction during the second part of the storm.  The flushing 
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effect causes the storm to end with low concentrations of the analytes, especially for 
[K].  In addition, the highest K and Na concentrations are observed during SE8, 
after prolonged contact of GW with surrounding rock.  The increased dissolution 
time due to the summer dry conditions interrupted with only a few small storms in 
conjunction with the lowered water table caused the rise the Na and K during SE8.  
The concentrations of both are lower for the following storm, even though it is the 
largest storm, and remain low during SE10 due to the decreased time between 
storms reducing GW dissolution.     
 The hysteresis loops also indicate that the small nature of SE10 caused 
SE10 to have a narrower flow path.  The concentrations of all analytes demonstrate 
a limited range in concentration along with a nearly flat hysteresis, especially for 
[Na].  The shape of the hysteresis loops in SE10 demonstrate that GW remains a 
dominant water source volumetrically and chemically, and that during a small 
storm little upper soil horizons and OF sources exist, even though the water table 
was higher at this time.  In effect, the hysteresis loops indicate that SE10 may show 
a different pathway of water to the stream compared to the other three storm 
events.  The distinction is most likely due to the storm being smaller. 
Stream Hydrographs and Analyte Response 
 Mg, Ca, and Na are “conservative ions” in that the quantity of the ions is not 
linked to stream discharge so that if Q increases, Mg, Ca, and Na concentrations 
decline.  In other words, Na, Mg, and Si are elevated in ground water due to a 
supply from mineral dissolution of stored water in contact with the surrounding rock 
containing the aquifer (Hogan and Blum, 2003).  The concentrations of Mg, Ca, and 
Na decline simultaneously with the hydrograph peaks in SE3, SE8, and SE9 
(Figures 24 & 25).  These “dips” indicate that before and after the storm only the GW 
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pool contributes chemically and volumetrically to the stream.  During the storm, 
chemically, if not volumetrically, a higher or shallower pool of water contributes to 
the stream water.  SE10 is aberrant to the other storms in that [Na] remains 
constant over the course of the storm, and [Mg] and [Ca] decrease with rainfall and 
increase over the hydrograph peak (Figures 24 & 25, bottom right).  The response of 
[Na] indicates that groundwater continues to dominate both chemically and 
volumetrically during the storm.  Mg and Ca responses show that at first Mg and Ca 
are slightly diluted with the rain, but once the bulk of water reaches LL0 during the 
hydrograph peak, that a source higher in Mg and Ca than the initial GW source 
dominates.  Perhaps the source of high Mg and Ca is TF, which contains leached Ca 
and Mg, although in lower concentrations than K (Rea et al., 2001; Schlesinger, 
1996) or from an upland GW source that had been disconnected from the lowlands 
during the dry summer.  Mg, Na, and Ca help to distinguish GW sources from 
shallower sources, but not between different soil horizons and overland flow.  Hogan 
and Blum (2003) found [Ca]/[Sr] to be highest in TF (with a ratio of 414), with soil 
water having a lower ratio that ranged from 140 – 230.  The ratio measured in the 
stream water at site LL0 ranged from around 200-400, with many samples around 
300 across all four storms.  Most started and ended around 300.  According to Hogan 
and Blum (2003), Sr is released through the decay of or the leaching of leaf litter, 
which causes the ratio to be lower in soil horizons compared to throughfall. They 
found that [Ca]/[Sr] increased in a September storm because of throughfall, 
decreased in a November storm because groundwater and soil water (with lower 
[Ca]/[Sr] ratios) dominated the storm, and in March [Ca]/[Sr] showed no changed 
over the storm because there were no leaves present to produce TF.   Relating that 
logic to the current study, the minimum [Ca]/[Sr] that occurs with the hydrograph 
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peak during SE3, SE8, and SE9 (Figure 36) demonstrates that TF was overwhelmed 
by a greater contribution of a lower [Ca]/[Sr] source, such as SW or GW.  However, 
based on the [Ca]/[Sr] alone, we cannot differentiate between soil- and ground-water 
pools.  The last storm, SE10 in mid-October, shows a slight dilution of [Ca]/[Sr] 
before the hydrograph peak and increases with the hydrograph (Figure 25, bottom 
right), showing an initial increase in GW or SW contribution followed by TF.  The 
[Ca]/[Sr] TF contribution is observed during SE10 because TF signature is not 
overwhelmed by the SW or GW signature in this smaller storm.  In this case, 
[Ca]/[Sr] indicates the size of a storm more than flow paths, just as the consistent 
[Na] indicates SE10 is a small storm.   
 Based on tributary velocities and the Google Earth determined distance 
between significant canopy cover along the tributaries and the stream at site LL0, 
TF and direct interception by the stream should take 1 hour to 4.8 hours to reach 
site LL0.  The maximum in [Ca]/[Sr] during SE10 occurred 7 hours after the onset of 
rain, which is slightly longer than expected if the [Ca]/[Sr] peak was due to TF; 
however, the timing is an estimate and TF may take longer to travel than 
calculated. 
 Potassium, which has been an indicator of TF in other studies (Schlesinger, 
1997) and is generally known to be found in fertilizer, does not follow a similar trend 
throughout the four storm events.  During SE3, [K] peaks with Q (Figure 30), top 
left), [DOC], and [TPM].  Based on direct interception of TF and rain to the stream it 
would take 1.6 hours for TF to reach the stream at site LL0 from the closest large 
area of forest.  For SE3, maximum [K] occurred 5 hours after the onset of rain, but 
only 1-3 hours after the start of heavy rainfall, so that the peak in [K] may be due to 
TF and direct interception from forest canopy cover upstream of site LL0.   
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 In the next storm, although [K] began to increase during peak Q, it really 
started to increase as soon as the bulk of the rain occurred (Figure 30, top right), 
and maximum [K] was recorded 4 hours after the bulk of the rain fell.  The [K] was 
still elevated, although below maximum [K], after another 4 hours (or 8 hours after 
rain), and was close to pre-storm concentrations after another 8 hours (or 12 hours 
after the bulk of the rain fell).  According to the distance and velocity of canopy cover 
to site LL0, TF contacting the streams directly should take approximately 2 to 12 
hours to reach site LL0 (depending on the tributary with canopy cover closest to LL0 
or the furthest tributary away in the forest).  Based on these calculations, [K] 
appears to be an indicator of TF directly being intercepted by the headwater 
streams.  The higher [K] measured during SE8 compared to SE3 indicate that SE8 
occurred toward the end of the summer after an extended dry period, allowing more 
time for K to accumulate on leaf surfaces and increase [K] in wash-off during SE8.   
 The way in which K responded to the next storm that started 2.2 days after 
SE8, also indicates K corresponds to TF.  The maximum [K] was reached 11 hours 
after the automated sampler was triggered, but only ~2-5 hours after the most 
intense portion of rain fall during the first part of SE9 (Figure 30, bottom left).  
Based on the high velocity of this storm, TF and direct interception should take 
anywhere from ~22 minutes to ~3 hours to reach site LL0.  Again, the timing of [K] 
to the stream at site LL0 concurs with the timing of TF from forested up-stream 
sites.  Also supporting [K] being due to TF is that SE9 was characterized with two 
separate and intense rain events (Figure 30, bottom left).  The first rain event 
experienced a [K] maximum about 3 hours after the rain event, as described above.  
Even after the second intense bout of rain,  [K] continued to decline and did not rise 
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again, indicating that all of the K deposited on the leaf surfaces was completely 
washed off during the first rain event of SE9 only a few hours earlier.   
 The last storm event has two distinct [K] peaks – one before the hydrograph 
peak 2 hours after rainfall and one after the hydrograph peak 15 hours after the 
start of rainfall and 5 hours after the uniform rainfall ended.(Figure 30, bottom 
right).  The TF is calculated to emerge at site LL0 anywhere from ~1 – 4.8 hours 
after the storm.  The first [K] maximum occurs within a few hours of the start of the 
rain and almost simultaneously with the highest rainfall amounts.  Although the 
second peak was 15 hours after the start of the rain, it was only 5 hours after the 
end of the small rain event, which is close to the 4.8 hours calculated for TF to reach 
LL0 during SE10, which again, indicates that the K source to the stream is most 
likely TF.  SE9, which produced 156mm (6.4 inches) of rain, had ended 8.3 days 
previous to this small storm event that produced 15.24mm (0.6 inches) of rain.  Due 
to this recent and intense storm, the [K] in the stream during SE10 was at its lowest 
out of all of storms monitored, reaching slightly above 3ppm, which supports the K 
source being direct interception of TF.   
 Similar to K, THg has also been proposed to enter ecosystems and steams 
via throughfall.  If TF was an important source of THg to the streams and site LL0 
in particular, then K and THg would be expected to respond to the rainfall on the 
same time-scale and correlate to one another.  However, the only time that [THg] 
and [K] share the timing of maximum concentrations is during SE8, and even then 
THg is at its lowest during the hydrograph peak while at the same time K beings to 
increase (Figure 40, top right).  Furthermore, even after the intense period of rain 
and wash-off of leaf surfaces during SE9Part1, THg rises to its highest concentration 
after the second storm of SE9, whereas K continued to decline after the first storm of  
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Figure 40. A clear pattern between [THg] (light-gray circle) and [K] (filled diamond) is not 
apparent for most of the storm events.  After the hydrograph peak of SE8 (top right), [THg] 
and [K] are at their maximums; however, during the hydrograph peak, [K] increased as 
[THg] decreased. 
 
SE9 because K has already washed-off in the first part of the storm (Figure 40, 
bottom left).  Therefore, it appears that in this case any THg source in throughfall is 
trumped by another THg source to the stream.  That TF is not a major source of THg 
is very important, especially when interpreting the DOC and THg response to the 
storms later. 
 TPM and DOC both increase during increased discharge (Figure 29).  TPM 
and DOC are both expected to increase as the source of water to a stream flows 
through higher soil horizons, and TPM is expected to be highest when local overland 
flow occurs in riparian zones.  TPM responds more promptly to Q than does DOC, 
suggesting that the primary TPM source is in the organic soil horizons and leaf 
litter.  DOC begins to increase with deeper soil horizons, increases as overland flow 
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is attained, and more slowly declines as it passes through shallow, and eventually 
deeper soils again, thus it responds more slowly to Q than TPM does.  Both DOC and 
TPM are flushed out during the first storm of SE9 so that the concentrations are 
lower during the second storm of SE9 (Figure 29, bottom left).  Chemically, overland 
flow may be a larger contribution during peak Q but not necessarily volumetrically 
(Trumbore et al., 1992; Pearce et al 1986; Sklash et al, 1986).   
 Sources of mercury have been dry deposition, TF (Rea et al, 2002), and the 
most shallow organic soil horizon (Demers et al., 2007).  Based on the K and THg 
results, in the current study, the maximum peaks in THg are not likely to be caused 
by direct interception of TF.  Without measuring THg in the different mediums or 
potential pools, we assume that the greatest THg pool is the organic soil horizon.  
What is perplexing, however, is that [THg] does not correspond well to not only [K] 
(TF), but [THg] does not correspond well to [DOC] or [TPM].  The lack of 
correspondence indicates that THg is not being transported from the organic soil 
horizon pool at the same time as DOC and TPM are being transported from the 
organic soil pool (Figures 27 and 29), or else the low THg concentrations are an 
artifact of poor BrCl preservation during high-flow with elevated organic and total 
particulate matter.  Not only is Hg being diluted during peak Q, THg is actually 
showing its maximum 8 hours after the hydrograph peak (it may be sooner, but 
based on sampling time it is 8 hours after the peak; at any rate, the highest 
concentration is found after the peak).  There is a delay in THg emerging to the 
stream compared to TPM and DOC, despite the three sharing a similar source in the 
organic soil horizon.  The only storm event for which THg increases during the 
hydrograph peak and when THg most closely follows the DOC and TPM trends are 
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during SE10.  Obviously, the nature of SE10 caused a different flow path than the 
other three storms.  
 The [THg]/[DOC] emergence to the stream over the duration of SE3, SE8, 
and SE9 (Figure 28) illustrate that the THg per unit DOC, or export of THg via 
DOC, is highest before and after the hydrograph peak for the first three storms and 
before and during the hydrograph peak for SE10.    
Synthesis 
 Taking the hysteresis loops, storm event and bi-weekly THg-DOC 
regressions, and the emergence of THg and DOC over the duration of the four 
storms together, some interpretations can be made.  The K and Na hysteresis loops 
along with the response of THg during SE10 demonstrate that SE10 was the storm 
with the smallest amount of rain, so that overland flow may not have been achieved, 
even locally.  Secondly, SE10 was the smallest storm out of all of the storms 
monitored.  As mentioned above, some of the hysteresis loops indicate that SE10 was 
a different type of storm than the first 3 storms with little influence of other water 
sources other than GW and deeper soil and mineral soil horizons.  Bi-weekly and 
storm event regression in combination with THg response over storm events indicate 
that when the water table is lower during the summer and then a huge storm 
occurs, the THg-DOC relationship is strained; however, during the winter, spring, 
fall, and small storms during the summer, THg and DOC correlate mildly well in the 
positive direction (Figures 37 & 39, Table 2).  The reason why THg and DOC not 
correlate well during the large summer events is due to a dilution of Hg during peak 
Q and an increase in THg after, instead of during, the hydrograph peak (Figure 41), 
which may be an artifact of sample preservation.  
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 Although actually pin-pointing a mechanisms for the opposing THg response 
is beyond the scope of the current study, a few possibilities can be logically 
presented.  The cause of the dilution of THg during the large summer storms but not 
during other time may be explained by the riparian organic horizon.  During other 
times of the year the riparian organic horizon is a large THg source, but during the 
summer months there is more photreduction and higher temperatures for ionic 
mercury to escape to the atmosphere, lowering the THg content of the organic 
horizons in the summer (Obrist et al., 2005).  Another scenario is that bio-films are 
present in the organic horizon of the soils in the riparian zones, especially on the leaf 
litter.  Some biofilms have been shown to convert ionic forms of mercury to the 
elemental form, which then could escape by volatilization to the atmosphere 
(Wagner-Döbler, 2003), while others have been shown to convert ionic forms to 
methyl mercury.  If this occurs, then a decrease in THg would occur and the dilution 
of THg during the storm hydrograph at the same time of increased TPM and DOC 
from the same source could occur; however this does not explain why THg increases 
after the hydrograph peak.  Another explanation is that some biofilms have been 
found to bind to heavy metals, despite the presence of high DOC concentrations 
(Schaller et al. 2010); if this can happen with other heavy metals, then perhaps the 
same is occurring to THg during storm events.  Possibly the biofilms capture the 
THg so that the DOC cannot until the biofilm surface is saturated and THg is then 
released to the streams after peak Q.   
 Another possibility for the divergent THg response is one that was observed 
by Regnell et al. (2007), where DOC and DHg maximums occurred after hydrograph 
peaks in streams but THg declined faster than DOC due to a Hg source at high-flow 
being more important than what this source was at base-flow.  They also contended 
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that water with high levels of DOC and DHg were kept in groundwater wells in the 
riparian zone and were inhibited from entering the stream during peak Q due to 
oxygenation and pressure from the river; when stream Q declined, anoxic conditions 
in the mixing zone returned, allowing the water with high [DOC] and [DHg] to enter 
the steam.  Possibly, local riparian THg (which is partially DHg) could not enter the 
stream from local riparian zones due to oxygenation and pressure from the stream 
during the hydrograph peak. 
 Hydrological connectivity of uplands was variable in another study and 
caused a range of DOC stream concentrations, although the DOC flux was not well 
correlated with upland connectivity, as riparian zones were the largest DOC source 
(Pacific et al., 2010).  The divergent response of THg during large summer storm 
events seen in the storm events samples (Figures 22 & 27) and bi-weekly grab 
samples (Figure 23) can be explained by a pool of Hg that is hydrologically connected 
when the water table is higher in the mid-late fall, winter, and spring.  However, the 
sharp decline in THg during the peak hydrograph may also be an artifact of 
sampling during high Q when organic and particulate matter, which at high 
concentrations may inhibit Hg preservation, are at their maximums.  The reason for 
the delayed THg maximum is also not clear.  Therefore, determining the cause of the 
divergent THg response is beyond the scope of the current study.  The DOC-THg 
correlation and the increased DOC flux during high-flow demonstrate how the 
complexation of DOC and THg is a viable transport mechanism to streams during 
storm events. 
Summary and Conclusion 
 There was not a significant variation in [THg] across the seven LLW 
catchments of varying percentages of land use type and geology.  Significant 
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variation in [DOC] and [DOC] type, based on variation in stream optical properties 
occurred among the sites.  Liner contrasts show that this variation is due to 
agricultural activity, with highest agricultural activity having the highest [DOC], 
humicity, FI, and absorption properties.  DOC and THg fluxes and yields were 
similar to other studies.  Site LLWL, which has the least agricultural and suburban 
land, had the lowest DOC fluxes.  Site LL6 had the highest DOC yield during base-
flow, although the reason is not clear.  Site LL0 had the highest and site LLWL had 
the lowest THg flux during base-flow only.  Significant variation in Mg, Ca, and pH 
are largely due to dolomite underlying these watersheds with the highest Mg and 
Ca, and may also be linked to increased agricultural land use type.  Sr is linked to 
increased suburbia and dolomite, and Si corresponds to forest cover.  TPM was 
surprisingly highest at site LLWL, which had the least percentage of agricultural 
land use type, but was in extreme proximity of a farm. 
 The DOC-THg across all sites and seasons and at site LL0 for storm event 
samples is lower than expected based on previous studies (r2 = 0.05 and 0.19, 
respectively); however, when specific summer storm event outliers are separated, 
the positive correlation between DOC and THg increases considerably (r2 = 0.62 and 
r2 = 0.37, for storm event and bi-weekly samples, respectively).  The reason for the 
dichotomy in the response of DOC and THg in the regressions is clarified in how the 
two respond over the duration of the storm events.  During intense summer storm 
events, THg is diluted during the hydrograph peak and reaches its maximum after 
the hydrograph peak in the first 3 storms, but [THg] and [DOC] increase with Q 
during the mid-October storm; DOC peaks with the hydrograph across all four 
storms.  DOC responded similarly to TPM, indicating that the DOC source is higher 
soil horizons.  
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 During the summer THg did not closely follow any other parameter, not 
even K, indicating TF or direct interception is not a significant source to the stream 
during a storm event.  Therefore, when the water table is low and then an intense 
storm occurs, the DOC source is mostly likely still higher soil horizons.  The THg 
source is not clear based on the low concentration during the hydrograph peak and 
the delayed timing of its emergence to the stream.  The low THg concentrations may 
be an artifact of preserving Hg in the stream samples when organic and total 
particulate matter concentrations are extremely high.  Determining whether the 
cause of the unexpectedly low THg concentrations during peak stream discharge are 
due to a lack of preservation or due to a real divergent response between THg and 
DOC is beyond the scope of this study.  Whatever the cause of the THg response 
during the hydrographs in three of the summer storm events, the samples collected 
at those times do not accurately represent the overall behavior of THg in relation to 
DOC, and these data can be logically excluded to show that overall DOC and THg 
strongly correlate in the positive direction.  Site-specific DOC-THg correlations are 
significant at sites LL4, LL8, and LLWL, which have the lowest agricultural land 
use type and the highest percentages of forest out of the seven sub-watersheds.  
Furthermore, the strong correlation between DOC and THg support the possibility 
of DOC complexing with and transporting THg from terrestrial ecosystems to 
aquatic ecosystems, and the data suggest that in headwater streams DOC most 
effectively transports THg to streams within forested land use more so than those 
within suburban or agricultural land-use types. 
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